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INTRODUCTION! 
In recent years chemical kinetics has assumed a prominent role in 
Chemical Engineering studies. While a considerable amount of' data is 
available in the general f'ield, very little is available f'or rapid gas 
phase reactions, i. e., reactions that are completed in f'rom a f'ew milli-
seconds up to a f'ew -seconds. Recently techniques have been developed 
f'or the measurement of' the rate of' such reactions. 
\'lith the advent of' jet aircraf't, . the study of' very rapid oxidation 
reactions becomes imperative. One such reaction that presents itself' 
in this category is the oxidation of' anhydrous ammonia in the vapor state 
by meana of' gaseous nitrogen tetroxide (or N02 as the mixture of' the 
tetroxide and dioxide is commonly called). The reaction has been knoWIJJ 
to proceed v~ry rapidly, but little is known of' ita nature, both f'rom 
the standpoiUtt of' the products f'ormed and of' the kinetics of' the reaction. 
Grocker(l) designed and built an apparatus f'or the study of' this reaction 
by a pressure technique, and this research concerned itself' with f'urther 
developing and using this apparatus f'or study of' the reaction. 
When it became apparent that orrly a limited knowledge of' the reac-
tion could be acquired using Crocker's apparatus, other means were 
sought to investigate the reaction. One solution appeared to be ~ op-
tical method, since nitrogen tetroxide is a colored gas and its disap-
pearance could be measured in this manner. Accordingly, an optical 
apparatus was designed and built. In the reactiorr between NH) and N02 
a solid product is f'ormed. In designing the optical apparatus, it was 
( l) Crocker, H. W., M. S. Thesis, Missouri School of' Mines and Meta.llur-
gy, 1951 
thought that by using v~ry dilute quantities o~ reactants, the solids 
~ormed would be neg lig ible and not in~er~ere with the light beam to a 
great extent. This, however, , proved untrue, and the apparatus could 
not~ be used ~or study o~ this particular reaction. 
2: 
Roth the pressure method and the optical system are well suited to 
study o~ other gas reactions, . and because o~ unusual interest in the 
latter, emphasis was then placed on . adapting this apparatus to other 
rapid reactions. One such reaction that proceeds at a very convenient 
rate ~or k i netic study is t he oxidation_ o~ nitric oxide by oxye;en to 
n itr ogen d ioxi de . Whi le it is not extremel y rap i d , it is an ideal rea:c-
t i on ~or t esting t he apparatus . The remainder o~ the research activity 
was spent adapting the optical apparatus to the investigation o~ this 
reaction. 
LITERATURE SURVEY 
In any kinetic study, two types of apparatus may be considered, 
first the batch type, and second the flow system. In many types of reac-
tiona, the latter is superior to a batch-type operation, but in the study 
of rapid gas reactions both have certain advantages. Kassel( 2 ) points 
out that, , in general, more rapid rates can be measured by means of a 
flow system; but he also states that the theory of the flow method is 
not as simple as the batch-type operation, especially when diffusional 
and convection effects are important in the reaction. 
Ih the flow apparatus, the general method consists of mixing the 
gases, passing them through a tube under conditions in which a certa~ 
portion of the reaction will take place, and then quickly stopping the 
reaction: in some manner such as rapid cooling or absorption of one of 
the reactants in a solution. The reactants or products can then be 
analyzed to determine the extent of the reaction. In the reaction be-
tween NH; and N02 this method proves entirely unsatisfactory since, as 
Besson and Rosset(.?) point out, ammonia and nitrogen tetroxide react 
vigorously, even explosively, when in the liquid state at low tempera-
turee. 
The usual problem encountered in using a batch apparatus for rapid 
react-ions is the thorough mixing of the reactants before appreciable 
reaction has taken place. Assuming the reactants are suitably mixed, 
(2) Kassel, L. s., The Kinetics of' Homogeneous Gas Reactions, Chemie.al 
cratalog ~ompany, N.Y., P• 125 (19.)2) 
(.?) Beeson and Rosset, "Action du peroxyde d 1azote sur 1 1ammoniac et 
quelques saie ammoniacaux", crompt. Rend., ~ol. 142, PP• 6.?.?-?4 (1906) 
there are two main, methods of following the progress of the reaction~ 
either by pressure changes or by a c:olorimetric analysis. For rapid. 
react.ions it is impossible to follow pressure changes at the speed of 
the reaction with an . ordinary fluid manometer; so some special dev.ic:e 
must be used. M~Kinney(4 ) and Qrocker(5) have designed batch-type 
apparatuses to follow .. the reaction by measuring the pressure changes 
takihg place, , using a Statham gauge( 6), a pressure transducer whose 
electrical output:v.ariee with pressure. Q~ocker 1 s apparatus was used 
in the study of the reaction· between NH;; and N02 for this research. 
The Rutishauser Oorporation(7) manufactures anextremely versatile 
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pressure transducer that converts pressures to suitable electrical out-
put for measurement with either an oscilloscope or other suitable 
recorder~ 
Johnson and Yost(B) developed an optical apparatus for following 
the rate of very rapid reactions. Their apparatus also solves the prob-
lem of mixing the reactants by passing the reacting gases at high velocity 
in. small diameter tuhes into a mixing chamber from which they are led into 
the optical celli.. The cell is arranged so that a portion of the gas 
(4) McKinney, C. D. , Ph. D. Thesis, Illinois Institute of Technology, 
1950 
(5) G.rocker, .2E..!., cit. 
C6) Statham I:aaboratories, Beverly Hills, California. 
(7) Rutishauaer Corpora tion, 490 Fair Oaks, Pasadena, California 
(8) Johnson, H~ s., and Yost, D. M., nThe kinetics of the rapid gas 
reaction between ozone and nitrogen dioxiden, J :. Ohern. Phys., 
Vol. 17, PP• ;>86-92 (1949) 
5 
stream can be isolated quickly and the reaction can be followed by 
measuring the amount of light absorbed by one of the reacting gases with 
a photoelectric tube, the output of which is placed across the plates 
of an oscilloscope. Rolaff( 9).: designed an. apparatus that worked on . the 
same principle for the study of the reaction . between N02 and OH3NH2 , 
but he encountered the same difficulties noted in this research, namely 
the formation of solid products which obscured the light beam. Other 
reactions have been studied using apparatuses of the same general de-
sign~ 10 ). 
Very little published data. exists on the reaction bebreen N.02 a.nd 
NH3• As far back as 1906, Besson and Rosset(ll) reported products of 
the reaction, but little was mentioned of the conditions used. As far 
as is known, no previous attempt had been made to determine the kinetics 
of the reaction. Much of the interest in this reaction stems from the 
possible use of the reactants as rocket fuels. In fact, full scale 
rockets have been designed using these as fuel. 
The kinetics of the oxidation of NO to N02 were first studied in 
1905 by Raschig('J 2 ), who found that the reaction proceeded very rapidly 
until all the nitric oxide was converted to N203 and that the final 
(9) Rolaff, . E., M.S. Thesis, Missouri School of Mines and Metallurgy, 
1950 
(10) See reference Nos. 7, 8, 9, 10, 11, 17, 21, and 23 in the bibliog-
raphy. 
(ll) Beason .and Rosset, ~cit., PP• 633-34 
(;1.2) Raschig, , F., , 11Die Oxydation des Stickoxyda 11 , z. angew. Chern., 
Vol. 18., p. 1281 \1905) 
oxidation step to N02 was the rate controlling step. Lunge and 
:&erl,Cl'3), however, f'ound the reaction to proceed as a one-step,, third 
order reaction, , and this mechanism has hence been accepted. 
~14) Bodensteint ~ · studied the reaction over a period of' years and 
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determined rate constants over a temperat~e range of' 0 to )90 degrees. 
Briner,, Pf'eif'f'er, and Malet(l5Lhave since determined the rate con-
stante at lower temperatures. Bodenstein used a batch reactor chamber 
measuring pressure changes as the reaction proceeded; Briner, Pf'eif'f'er, 
and Ma.let used f'low .. systems, the details of' which varied according 
to the temperature. Both f'ound the unusual negative temperature co-
ef'f'icient over the entire range of' the temperatures studied, but i~ 
the range in which their data overlapped, some of' their constants varied 
more than 10 per cent. As Kassel t 16)J pointe out, this variation might 
be accounted f'or by considering the pressures of' the reactants used. 
Bodenstein used low pressures of' both reactants, but Briner, P£eif'f'er, 
and Malet always had a high 0 2 concentration which would tend to 
make the reaction deviate f'rom the true third order relationship. Re-
-------------------------------------------------------------------------·------
( 1)) Lunge, G., and )3er1, E., "Ki.netische Versuche uber die Oxydation 
von Stickoxyd mittele Sauerstof'f' und Ll.U't 11 , z. angew. Chem., 
Vol. 19, P• 861 (1906) 
(:L4) Bodenstein, M .. , "Die Geschwindigkeit der Reaction. zwischen Stickoxyd 
und Sauersto£f' 11 , z .. E1ectrochem., Vol. 24, p. 18) (191e) 
(15) Briner, E., Pf'eif'f'er, Vi., and Ma.let, G., "The peroxidation of' the 
oxide of' nitrogen~, J .• chim. phys., Vol. 21, P• 25 (1924) 
(J.6) Kassel, £l?..!_ cit., p. 168 
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cently, hm-.rever, Johnston and Slentztl7) ueed an optical apparatus 
to sho'l'r that there was no deviation of the rate constant for the reac-
tion. even ;.,rhen the pressure of the reactants was quite high. Varying 
the ratio of reactants by a factor of 10 with one reactant at pressures 
approaching one atmosphere, they determined rate constants which agreed 
exactly with those found by Bodenstein. 
In 1Y43, Smith(l8 ) studied the reaction . by an optical system at 
very lo\i pressures where the reaction proceeded at a relatively slow 
rate. Kornfeld and Klingler(,J.9) also studied the reaction by other 
methods and found that at low pressures the rate constant agreed with 
that found by Bodenstein. 
(~7) Johnston, H. S., and Slentz, L. W., "Oxidation of NO at high pres-
sures of reactants", J. Am. Chem. Soc., Vol. T;, p. 2948 (1951) 
( 18) Smith, J ;. H., "A photo-colorimetric study of the oxidation of NO 
at low pressures", J. Am. Chem. Soc., Vol. 65, PP• 74-78 (1943) 
(l9) Kornfeld, G., and Klingler, E., 11Die Kinetik der Reaktion 
2 NO + 0 2 = 2 N02 bei geringen Drucken und unter der ~lirkung eines 
starken Magnetfeldes 11 , z. physik Chem., Vol. 4B, p. 37 (1929) 
8 
PART~ I 
THE REACTION, BETWEEN. NH~ and N02 
9 
INTRODUCTION AND THEORY 
Since only very sketchy data has been reported on the products of 
the reaction between ammonia and nitrogen dioxide, this data had to be 
extended before a kinetic study could be undertaken. The various prod-
ucts reported in the literaturet2o, 21 ) are nitrogen, water, ammonium 
nitrate, ammonium nitrite, nitric oxide, nitrous oxide, and hydrazine. 
Though it is inconceivable that any one stoichiometric equation could 
account for all of' them, several possible equations may be v-Tritten, giv-
ing these reaction products. 
2 N02 + 
3 N02 + 
2 N02 + 
2 N02+ 






~NO)+ ~ + H20 
2 NH4N03 + 3/2 N2 + a H20 
- NH4N02 + N20 + ~0 
- t 02 + 2 N2 + 3 ~0 






For the reactions, ampoules of the reactants in the liquid state 
were prepared by condensation with the aid of' a dry ice trap. In mak-
ing the runs an ampoule of' first one of' the reactants and then one of' 
the other was broken in the reactor. A method nearly as satisfactory for 
making the runs \-tould have been to introduce one of' the reactants through 
the valve system in the gaseous state, measure the pressure as an indi-
cation of' the amount present, and then break the ampoule of the other 
reactant. A more accurate determinat ion of' the amount of reactant 
(20) Besson and Rosset, ~cit., pp. 633-34 
(21) Patry, M., Garlet, R., and Pupko, S., 11 Sur lea reactions entre lea 
Oxydes d 1azote et 1 1ammoniac 11 , Compt. Rend., Vol. 225, PP • 941-42 
(l947) 
10 
could be determined by weighing, so this procedure was followed. 
It was hoped that by rapid vaporization and diffusion into the 
reactor, mixing of the gases could be achieved before appreciable reac-
tion had taken place. Bacause of its much higher vapor pressure, am-
monia · will diffuse more rapidly than N02 throughout a system when some 
of the liquid is suddenly released into the system. For this reason 
the major portion of the runs were made breaking the ammonia ampoule 
last. At ~5° C.., the temperature at which the rune were made, the vapor 
pressure of ammonia is 1~.~ atmospheres, while the vapor pressure of 
N02 is 1~~0 mm, just slightly less than two atmospheres. Photographs 
of the breakage of the N02 ampoules at the beginning of each reaction 
run were taken, and one picture was taken of an ammonia ampoule breaking 
with the ammonia diffusing into a vacuum. 
In' interpreting the pressure-time curves, several factors must 
be considered. From the reaction products, a sui table stoichiometric 
equation may be written that will reveal what theoretical pressure 
changes will take place. For example, from experimental evidence the 
basic reaction appears to be Equation 1 above: 
2 N02 + 2 NH~ - NH4NO~ + N2 + H20 (Eq. 1) 
At ;5° a., 1 mole of gaseous product would be formed for every 
4 moles of reactants. For perfect gases this would mean a pressure 
ahange by a factor of 4. Nitrogen dioxide, however, deviates widely 
from a perfect gas since it is largely associated to N204 at this tem-
perature. Verhoeck and Daniels~ 22 ). have presented equilibrium constants 
(22) Verhoeck, F. H., and Daniels, F., 11Dissociation constants of nitro-
gen oxides•, J ;. Am. Chem. Soc., Vol. 5;, P• 1250 0.9;W 
for this association over this temperature range, by which pressure 
corrections can be made. 
ll 
By applying these corrections and assuming that the gases are c.om-
pletely mixed before the reaction starts, the rate of reaction could 
be calculated from the pressure-time curve, if the temperature is known. 
No way has been found to measure the true temperature within the 
r e actor concurrently with the progress of the reaction. As an adiabati~ 
reaction, from heat of formation data, it can be calculated that the 
temperature of reaction products would rise several thousand degrees. 
This effe ct is greatly minimized by using small quantities of reactants 
in the reaction chamber of relatively large mass. For most of the runs 
the weight of reactants did not exceed 0.5 gram, while the reactor 
weighs over 8 pounds, a weight ratio of over 7000 to 1. 
APPARATUS 
The apparatus used ih" studying the kinetics of the reaction. 
between N02 and NH3 was essentially the pressure apparatus designed 
by Orockert,23) ,, -with a few minor alterations. Figure l shows a ache-
matic diagram of this apparatus, and Figure 2 is a photograph showing 
12 
tl1e essential components. In general, the apparatus measured pressure 
changes taking place in a batch reactor as a function of time by means 
of a strain gauge and oscilloscope. The essential components of tlle 
apparatus are: 
1. A stainless steel reaction chamber equipped witll a valve 
system for filling, evacuating, and removing gaseous products. The 
chamber is in the form of a cylinder, two inches in outside diameter, 
1 inch inside diameter, and an inside depth of 8 inches with a volume of 
103 mL A small stainless steel cylinder with drilled holes in each 
end served to hold the ampoules of reactants and act as a breaker. 
2. A . stainlees steel pressure strain. gauge made by the Statham. 
Laboratories with a range of 0 to 50 psia, which has a voltage output 
varying linearly with pressure over the entire range and a frequency 
response of 10,000 cycles per second. The gauge is connected to tlle 
"top of the reaction chamber by stainless steel fittings and sealed 
with a tygon gasket. 
3· A balanced direct current amplifier, used to amplify the 
voltage output of the Statham gauge to a suitable voltage for measure-
ment by means of an oscilloscope. A high and a low gain amplification 
of 16 and 10 times is available. 
(23) Crocker, ~cit. 
. i • - {~ 
d f_/ 
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FIGtJRE 2 
PHOTOGRAPH OF THE ~SURE APPARATUS 
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4. A cathode-ray oscilloscope, type ~04-H, made by Allen a. DuMont 
Laboratories, Inc., equipped with a type P-11 cathode-ray tube. Fre-
quency response is 100,000 cycles per second, and the sensitivity is 
18 rms volts per inch at maximum amplification. A bank of capacitors 
was used in conjunction with the sweep circuit to give a sweep speed of 
about 1 cycle per 5 seconds. 
5· A Fairchild-DuMont type ~14A oscillo-record camera. The camera 
is designed as a continuous motion camera with a ~600 fold range in film 
speeds from 1 inch per minute to 5 feet per second. It can also be 
used to photograph still pictures, and for this study a still picture 
of the screen was taken as the beam swept the screen. Later, in using 
the camera with the optical system, the continuous motion feature was 
utilized. Ansco Supreme type film was used for the still pictures, 
while 100-foot rolls of KOdak Linographic Ortho were used for the con-
tinuous motion pictures. 
6. A constant temperature water bath utilizing a mercury-mercury 
control switch, the specifications of which were for temperature control 
within o.o~ degree. 
7. A timing system, consisting of a photoelectric tube, the out-
put of which could be placed across the oscilloscope plates by use of 
a two-way switch. The light source to the phototube was interrupted 
by a pendulum, the awing of which could be measured accurately, thus 
providing an accurate timing mechanism. 
16 
CALIBRATI_DN OF THE STATHAM GAUGE 
Although the manufacturer supplied a calibration equation with the 
Statham gauge whereby it could be calibrated in terms of output voltag~ 
versus pressure, it was much easier to calibrate the gauge empirically. 
Ac_cordingly, this was done by varying the pressure in a system contain-
ing a mercury manometer and the Statham gauge, while the output of the 
gauge was placed on the oscilloscope. Readings on the oscilloscope 
screen were made visually at different pressures as measured by the 




GASEOUS REkCTANTS USED 
Glass am.poul!es of the two reactants, ~ and :NH~, were prepared 
by liquefa~t.~on with the aid of a dry ice trap and weighed to 0.1 milli-
gram. The ammonia was condensed from a commercial cylinder supplied by 
the Ohio Chemical and Manufacturing C.ompany and reported to be at. least 
99% NH~, a f'act. ~onf'irmed by analysis in a Standard Burrell gas analysis 
apparatus. Nat.rogen dioxide was prepared by decomposition of' c. P• 
Lead n:i. t.rat.e after the method of Giauque and Kemp ( 24), and condensed in 
glass ampoules. No analysis was made for purity. Initially, some am-
poules of N02 were prepared by condensing the gas from a commercial 
cylinder supplied by the Mat.hesoa Company, but. the liquefied form appear-
ed in so many different. colors, indicating impurities, that the other 
method was used. Though the decomposition procedure gave a much better 
product., there was still some inconsistency in color. In making the 
runs ampoules were chosen . t.hat. gav.e molal ratios of N02 to NH~ elosely 
approximating 0.75, 1:.0, 1.33, and 2.0. 
(24) Giauque, W. F • . , and Kemp, J l. D .. 11 Thermodynamic- properties of N20 
and N02 °, J -. Chem. Phys., VoL 6, p. 40 (:J938) 
19 
EXPERIMENTAL PROCEDURE 
The following procedure was used in making the runs for studying 
the kinetics of the reaction _ betweenNH~ and N02 , with a few -exceptions 
which are indicated by footnotes in the data. 
1. The oscilloscope, D. C_,. amplifier, and water thermostat were 
turned on .and allowed to warm up. 
2. Using glass wool, ampoules of N02 and NH~ w.ere wedged in op-
posite ends of the stainless steel breaker, which was made in the form 
of a cylinder. The breaker and ampoules were then placed in the reaction 
ahamber, which rtas evacuated to a pressure no greater than. 1 mm Hg. 
3· The reaction chamber was placed in the thermostat at ~4.5° C,. 
for about 15 minutes to bring it to that temperature. 
4. The N02 ampoule and then the NH;; ampoule were broken and traces 
of pressure changes taking place on the oscilloscope screen were photo-
graphed. 
5~ The reaction chamber was then placed in an aluminum thermostat 
at 110° c~ to vaporize the water formed in the reaction, and the pressure 
increase caused by this vaporization read visually from the oscilloscope 
screen as an indication: of the amount of water formed. 
6. After cooling the reactor to 25° C., a ~0 to 50 ml sample of 
gaseous products was withdrawn from the chamber into an unlubricated 
glass syringe and analyzed with a Standard Burrell apparatus fo~ NO, 
N2o, and 0 2 • Nitrogen was determined by difference. Any N02 or NH;; 
remaining from the reaction .was first removed, but not analyzed for, 
by passing the gases through a dry-ice trap. 
Tt. A weighed drying tube was connected to the reaction chamber 
which was again heated to 110° C., and evacuated through the drying 
tube by means of a vacuum pump. Both P2o5 and H2S04 impregnated in. 
glass wool were used as drying agents. 
8. Solid products formed in the reaction, were removed by three 
25~cc portions of' di.stilThd water and analyzed by standard analytical 
procedures f'or ammonium, nitrate, and nitrite ions. 
The reaction chamber was then rinsed out with water and acetone, 
and the above process was repeated f'or the next run. 
20 
In making the runs, Dr. Robert Russell, Associate Professor, as-
sisted with the apparatus and made the gas analyses. Mr. R. R. ~~rn­
wa.ll, Instructor, worked out the analytical procedure and analyzed the 
solid products. 
21 
DISCUSSION, AND RESULTS 
From the experimental and calculated data, several facts can be 
noted about products of the reaction, and some general conclusions of 
the rate of reaction"may be reached. 
From the analyses of products and calculated material balances in 
Tables I and II, it can be seen that, in general, the reaction does not 
proceed stoichiometrically. As ratios of reactants are varied, the 
products will vary, and even for the same ratios a slight variation is 
noted. For the runs in which equal molal quantities of reactants were 
used, the main reaction appears to be: 
(Bq. 1) 
This, however, does not account for the oxygen or ammonium nitrite 
formed which must come from one or more of the other reactions postulated. 
In the runs with equal molal quantities of reactants, no nitrous 
oxide was formed, but~ in all the remainder, N20 was present in amounts 
varying from 1 to 5 percent of the gaseous products. This can also be 
explained as a side reaction corresponding possibly to Equation ) in 
the introduction. 
One fac± of particular note is that no nitric oxide was formed in 
any of the reactions, though Besson and Rossett 25) reported it as one 
of the products in the reaction. 
Both by analytical procedures and from the optical properties of 
the crystals, it ,was determined that practically all the solid product 
consisted of ammonium nitrate with a small amount, up to 5%, being 
ammonium nitrite. The analytical means was quantitative, while the 
l25) B.esson_anGi Rosset, .2.£.!. cit., PP• 6))-)4 
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in the reaction chamber of approximately 100 ml, the average reactioru 
rate would be: t0.007)(0.3)(lOOO) or in the order of 0.4 mole per to .053 )( 1oo) ' 
liter per second. This \vould probably be an absolute minimum_ reaction 
rate since temperature effects are not considered, and temperature cor-
rections would show an increased rate. The increase in temperature 
would cause a higher pressure from the same amount of gas, which means 
that more of the reaction had taken place than calculated, as suming 
no temperature rise. 
Since it is i mpossible to determine even. the order of magnitude 
of temperature achieved in the reactor, no method is known for handling 
the data in a more quantitative manner. 
A few ·other trends may be noted from the pressure-time curves. 
In general, there are two types of curves, those with only one max1mum 
~Figures 4 and 5) and those with two tFigure 6) and in some cases even 
more maxima (Figure 7). The latter type appeared for reactions when 
the ratio of N02 to NH) was greater than 0.5, though in some cases the 
curve appeared to only flatten out instead of rising to a new maximum. 
Several possible theories may be postulated to explain t h is phe-
nomena. One plausible theory is that one or more of the reaction 
products breaks down, probably due to high temperature effects, to form 
new products. Another factor may be vaporization and condensation of 
water formed in the reaction. Taking into account all observations 
made, it can be concluded that the last 60 to 80 per cent of the decrease 
in pressure shown on the curve is actually only a cooling curve and 
not an indication of further reaction. 
26 
FIGURE 4 
PRESSURE-T~~ CURVE FOR T~ ~CTION BETWKEN NH AND NO , 














PRESSURE-TIME CURVE FOR THE REACTION BETWEEN~ AND N02 , 






The main products of the gas-phase reaction between N02 and ~ 
at' 55.° C. are NH4No5 , N2 , and H-20. Side reactions, of importance vary-
ing with tne ratio of reactants, lead to the formation. of other products 
and make the vtri ting of one stoichiometric equation impossible. 
Because of uncertain . temperature effects, a kinetic stuQy of the 
reaction with this apparatus is not feasible. From the pressure-time 
curves, the absolute minimum reaction rate was calculated to be 0.4 
mo~s/(li terJ \:!3ec:rond). Undoubtedly, the reactioru rate viaS considerably 
:raster. 
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PART , II 
THE REACTION BETWEEN NITRIQ; OXIDE AND OXYGEN 
~0 
INTRODUCTrON. AND THEORY 
As pointed out previously, the reaction between. n:i.tric oxide and 
oxygen , which proaeeda stoichiometrically: 
(Eq. 6) 
has been shown . to be a third order type reaction, with the rate of' 
reaction directly proportional to the oxygen concentration and to the 
square of' the nitric oxide concentration. The reaction. is reversible, 
but the extent of' the reverse reaction is negligible over the temperature 
range used in this study and can be neglected entirely without intra-
ducing error .• 
The purpose of' this study was only to test the optical apparatus 
and not to dispute the mechanism of' the reaction or the rate constants 
previously determined and conf'irmed by several investigators. 
Mathematically, the kinetics of' the reaction may be handled in 
the f'ollowing manner. From the statement above, we obtain.: 
- dl02) - klN0)2( 02) 
dt 
Since the measured variable in this investigation was the product of' 
the reaction, the equation can then be conveniently changed to this 
basis. Calline the initial nitric oxide concentration~~ the oxygen 
concentration £, and the concentration of' N02 at .any time 2x, the 
ab.ove equation is transf'ormed to: 
- d(\02) dx k(a - 2x)2(b - x) dt = dt = 
By the method of' partial f'ractions, the second equation can be inte-
grated and arranged to the f'ollowing f'orm: 
k 1 
== t(2b - a) 2 
l2.x(?b - a) + bla - 2x)J ~a(~- 2x) lna(b - x) 
The rate constant may then be determined f'rom the above equation by 
plotting the term in brackets as the ordinate versus ~ as the abscissa, 
and tne resulting curve should be a straight line. From the slope of 
the curve, the rate constant, is given, by: 
k= 
GENERAL DESCRIPTION OF THE OPTICAL APPARATUS 
The apparatus ~or studying the kinetics o~ rapid gas reactions by 
means o~ an optical meth od lSee Figure 8 ~or schematic diagram) consist~ 
o~ a £low system where two, or three, gas streams are metered and mixed, 
a glass reaction cell in which the reacting gases are isolated and al-
lowed to react in a batchwise process, and a system by which the reaction 
can. be ~ollowed by measuring the amount o~ light absorbed by the ~or­
mation o~ a colored gas inthe reaction. A more detailed description 
o~ each component o~ the system will be presented in subsequent para-
graphs. 
In studying the kinetics o~ the reaction between nitric oxide and 
oxygen, only two gas streams were used. ln general, the purpose o~ the 
third gas stream is to dilute the reactants, but in this study oxygen 
in the air is used as one o~ the reactants, and nitrogen in the air pro-
vides a suitable diluent gas. 
After measuring the gas ~low o~ each stream by means o~ rotameter 
type ~lowmeters, the gases are passed through a mixing chamber and into 
the glass reaction cell where they are isolated and allowed to react. 
As the reaction proceeds, a light beam passes through a 3-inch path 
o~ the reacting gases and ~alls on the light sensitive sur~ace of a 
photo-multiplying tube. The output o~ the tube is placed across the 
Y-plates o~ an oscilloscope, and the beam on the screen is photographed 
by means o~ a continuous motion camera. As nitrogen tetroxide is ~ormed 
in the reaction, light is ab s orbed in proportion to the amount ~ormed, 
and the output o~ the photo-multiplying tube is correspondingly less. 
By this means the reaction can be determined at any time. 
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per minute to 5 feet per second. After setting the controls for the 
approximate speed desired, the exact rate of film movement is measured 
by the swing of a pendulum which interrupts the current to the timing 
light in the camera. This light impresses an image on_the edge of the 
film as it moves past the lens of the camera. 
The light source, lenses, filters, reaction chamber, and phototube 
are mounted firmly on a 4-foot section_ of an 8-inch steel channel, 
which is placed on the laboratory desk. Directly behind this part of 
the apparatus, the flow system is mounted on a panel board to facilitate 
rapid manipulation of control valves and easy reading of the flowmeters. 
Figure 9 shows a frontal view of the apparatus including the flow system, 
reaction cell, optical system, oscilloscope, and camera. 
FIGURE 9 
PHOTOGRAPH SHOWING. COMPONENTS OF 'l'HE OPTICAL APPARATUS 
Kay to Letters 
a::--aa.mera-. elec::trond.'a· ctontrolt unJi t : 
b--Oac:illoac-ope 
c--C~nt~uous motioTh camera 
d--Power supply to photomultiplying tube 
a--Housing f'or photomultiplying tube 
£'--Water-jacketed opticml cell 
g--Air f'low line 
h--NO :f'low line 
i--Light;_ sourc~ 
j --Power transf'ormer 
'' 
THE FLOW SYSTEM 
Flow lines for the apparatus were constructed of 6 mm glass tubing 
and 1/8 inch stainless steel tubing with rubber connections at all 
joints in the air line and tygon tubing for any junction in_which the 
corrosive n~tric oxide passed. 
Air from the compressed air lines in the building, at approximately 
90 psi, was reducred to a pressure between 5 and 10 psi by means of a 
diaphragm valve, and the flow rate was controlled by means of a stand-
ard 1/8 inch needle valve. 'J.'wo traps were provided in the air line, 
one to catch any slugs of water that might come from the line and a 
sulfuric acid trap to dry the air stream. All of the line up to the 
needle valve was of 1/4 and 1/8 inch iron pipe. A 1-liter flask was 
placed in the line to smooth out any minor pressure fluctuations. 
The nitric oxide used was supplied by the Matheson C_ompany and 
reported to be at least 98% NO. The flow was controlled by means of 
a stainless steel needle valve on the tank. 
For studying the reaction at different temperatures, some method 
had to be provided to heat the gases before entering the reaction 
chamber, which was itself thermostated. To accomplish this, a sectioTh 
in: the air flowline approximately 18 inches long was constructed of 
1/8 inch stainless steel tubing which was covered with asbestos paper, 
wound with electrical resistance wire, and then covered with another 
layer of the asbestos paper. A variable voltage transformer was used 
to maintain the proper voltage across the resistance wire to heat the 
gas to the desired temperature. To measure the gas temperature, a 
thermocouple was imbedded in the glass tubing just beyond the mixing 
chamber before the gases passed into the reaction cell. Since the air 
f'low was att least 95% of' the total gas stream, only this line was 
heated, the unheated NO causing a very small temperature drop when mixed 
with the air stream. The 2 inches of' line beyond the heated section 
and the mixing chamber were insulated with asbestos paper and 85%-mag-
nesia insulation. A Brown recorder was used to detect the output of' 
the thermocouples and to indicate the temperature. A awl tch was provided 
on the f'low apparatus panel board by means of' which either the thermo-
c~uple in. the gas line or the one in the water thermostat surrounding 
the reaction cell could be shunted to the Brown recorder, which recorded 
each temperature every ~0 seconds. 
The mixing chamber, as shown_in Figure 10, was in the f'orm of~-
T.-tube with a smaller tube admitting one of' the reactants into the 
center of' the other gas stream. Sin:c·.e the air f'low ·in this study was 
much greater than· the nitric: oxide flow., the latter gas was passed 
through the smaller tuke into the center of' the air stream. The reaction 
cell was connected to the mixing chamber with as small a length of' tuh-
ing as possible to minimize the volume the gases must pass through. 
bef'ore reaching the cell. 
To meter the gas streams, laboratory rotameter kits manufactured 
by Fischer and Porter were used. By means of' four, interchangeab~e, 
tapered, ground-glass tubes and 6 f'loats, a wide range of' f'low rates 
c_ould be measured. At f'irst, attempts were made to meter the streams 
using orif'ice type f'lowmeters with a light mineral oil as the ma~ 
eter f'luid. These proved unsatisfactory f'or two reasons • First, 
only a limited range of' f'low ra tea could be measured, and second' the 
manQmeter fluid tended to react . somewhat with the nitric oxide. There-
tam t S WhJ..ch were construo~ed fore, it was necessary tn secure the ro e er , 
F'IGU?.E 10 
a 
b ====~'==============~====~~=·=;- ~ ~ ' .~ ~ 
Key to Diagram 
a--Air i nlet 
b - -NO i r. lct 
c--Mixture of air and ~0 
I , 
'-- - .ni!'~-,._,. 
of stainless steel and glass with a small area of the rubber gaskets 
exposed to the gas stream. Figures 11 and 12 show the calibration 
curves supplied by the manufacturer of the flowmetere, for air, over 
the particular ranges used. These aurves applied to air only, and it 
was necessary to calibrate the rota.meters for flow of nitric oxide. 
This calibration_could be made either exper~entally or by ealcu-
lation . from the calibration curves supplied. Since a great deal of 
exper~ental work would: be required to adequately calibrate the meters 
and since nitric oxide behaves similarly to an ideal gas at the temper-
atures used, it was decided to make the calibrations by mathematically 
correcting the calibration curves for air to nitric oxide. 
Martin\\26) has shown that rotameter:· flow rates may be correlated 
for any one rotameter tube by plotting Qf>/p versus V:rt. -f )/.,~A 2 
where g_ is the flovt rate, f!.. is the density of the fluid being metered, 
/"ita viscosity, and 4 the density of the float material. Mart~n 
tested this correlatiom for flui.ds with wide ranges in. viscoei ty and 
density and found them quite applicable. The correlation holds for 
both liquids and gases. For the particular rotameter tube used to meter 
the nitric oxide stream, four calibration curves were available from 
the manufacturer. Both a glass float and a stainless steel float.. were 
provided with this tube, and calibration curves for both air and water 
were supplied for each float.. From the four curves supplied, the nac~­
eseary quantities wer e calculated to plot a curve for each flowmeter 
reading , and from these curves a calibration curve for nitric oxide 
(26) Marti~ J. J., "Calibration of Rotameters", Cham. Eng. Progress, 
Vol. 45, PP· ~~8-42 (1949) 
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was calculated. The Ul~its of the various factors are immaterial as 
long as they are consistent throughout:. Figure 1; shows the plotted 
correlation and Figure 14 is the calculated calibration aurve for nitric 
oxide. 
F~~JJRE 1' 
FLOWMETER CORRELA.'T.J:Oll; FOR mBE 08-
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THE REACTION CELL 
Immediately upon~ passing through the mixing chamber, the gas strewm 
f'l m'i'ed into the reaction chamber. This chamber consisted of' 6.-rmn glass 
tubing aonnected to a 4-way stopcock, so that the gases passed through 
the chamber and out the exit gas stream, as shown: in Figure 15. In mak-
ing a run, the stopcock was turned a quarter turn which simultaneously 
closed both the entrance and exit, thus isolating a sample of' the gases 
within the cell. A '-inch straight sectioncof' tubing with plane w.indows 
on the ends provided the optical path through which the beam of' light, 
was passed bef'ore falling upon the photo-multiplying tube. 
Two dif'f'erent reaction cells of' similar design were used. The 
f'irst was constructed of' pyrex glass and optical quartz; the latter 
was used f'or the straight section of' tubing and windows. The volume 
of' this cell was approximately 8 cubic centimeters. The second cell 
was c:onatructed of' pyrex only ;-rhich permitted the length of' the arms to 
be shortened by eliminating the quartz-glass graded seal, thus minjmiz-
ing the volume of' the cell. 
The f'irst cell had one advantage in" the optical quartz windows, 
but because of' the graded seals it was very fragile and dif'f'icul t to 
mo'll.l:a.t firmly in · place. The all-pyrex cell, while not having the advanr 
tage of' quartz windows, was more rugged and had only about half' the 
volume of' the f'irst. The stopcock arrangement was dif'f'erent in the 
two cells, also. On isolating the gas streams with the f'irst crell, the 
f'low linea ·would be completely shut of'f', and pressure would build up 
quickly before the control valves could be closed • The smaller all-
pyrex eel~ had a stopooak arrangement whereby a quarter turruof' the 
stopooak would isolate a gas sample and shunt the f'low out the exit . line. 
FIGURE 15 
TH~ CPTICA:. :::ELL ·.:ITH ·.:ATt:R ':'hl!.ru-:OSTAT 
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Because of' the f'ragile nature and size of' the quartz c.elli, it, 
would have been , quite dif'f'icul t to build a water thermostat to contairu 
it '. Theref'ore, an air thermostat was constructed of' sheet t:Ln apprax-
imate~y 8 11 x 4'' x 5" and which contained the cell. The thermostat,_ was 
heated. by c:oils of' resistance wire placed on the sides of' the thermostat. 
It was designed so that f'our coils were heated continuously, and two 
more were operated intermittently by the Brown .temperature controller to 
maintain. the desired temperatw,-e. While i:t was impossible to maintain. 
the temperature throughout the thermostat closer than about f'ive degrees, 
the reaction , cell was almost completely surrounded by wood and should 
have been_at a temperature constant within one or two degrees at the 
most·. A thermocouple which was imbedded in _ the wood next to the cell 
and connected to the Brown recorder indicated the temperature. 
Recause of' its more compact nature, the all-pyrex cell could be 
enclosed in a water-tight-_ container and thermostated more accurately 
using a water bath. Figpre 15 shows the construction of' this water 
thermostat.. A \'later bath c-on:trolled by a b:i-metallic temperature-sensitive 
element provided the constant-temperature water which was circulated 
through the thermostat. by means of' a small centrifUgal pump. Though 
there was a temperature drop of' some ~ degrees f'rom the water bath 
to the thermostat .when. operated at the higher temperatures, this caused 
no trouble since a thermocouple was inserted in_the thermostat to indi-
cate the true temperature. With this arrangement temperature control 
well within one-half' degree could be achieved. Of' course, it was 
necessary to provide a water-free path for the light to pass through 
the thermoetat Land oelh This was done by soldering copper tubes to 
the walla of the thermostat where the light ' beam passed· The a-opper 
48 
tubes were then'- sealed to the glass reaction ehamb-er with sections of 
rubber tubing and tygon paint_. 
49 
CALIBRATION OF THE REACTIOJ!l! CJW.mER 
In calibrating the reaction chamber as concentration, of nitrogen. 
tetroxide ver~us per cent of light passing, several methods were tried. 
The difficulty encountered was i~preparing known concentrations of 
the gas. 
The v;apor pressure of N02 has been fairly well established and 
reported in the literature, and it was thought that a calibration mighL 
be achieved by connecting the cell to a glass bulb c~ontaining some solid 
No2 , varying the temperature to change the pressure of the gas within. 
the cell, and noting the per cent of light transmitted on the oscillo-
scope. Theoretiaally, this should give good results, but it was fotmd 
that the equilibrium vapor pressure was reached so slowly that it was 
difficult to tell when. this condition was meu. Also, apparently the 
equilibrium point~ would be somewhat. different when approached from 
different sides. This was probably due to the length of time involv-ed 
in·, reaching the equilibrium. Evem when. the system was evacuated, no 
a:o~istenoy could be attained, though the equilibrium was apparen:t1y 
reached much faster·• 
This method was then. abandoned in favor of a method in which a 
known sample of N02 was prepared by completely oxidizing a known. sample 
of mi. trio· oxide. This known sample of li.O~ was prepared by permitting 
some of the gas to enter an evacuated sys~em containing the cell and 
measuring the pressure existing in the system immediately before and 
after admitting the NO. The system w.ould then. b:e opened to the air 
through a drying tube to allow the oxygen in the air to e;Ompletely 
oxidize the ru1. trier oxide. This method would have beem satisfactory 
exo.apt: that: the BO pressur:e required was only in the order of magmttude 
of 5/ ~mercury, and the precision of this measurement with a mercury 
manometer was not sufficient to afford a good calibration. 
With these methods failing, it was decided to calibrate the cell 
using a flow system. At first, an attempt was made to pass an air-diluted 
stream of N02 through the cell, measuring the relative r12.te of air to 
the N02 flow as a measure of N02 concentration. Two difficulties were 
encoUE.tered here. First, it would have been. necessary to empirically 
calibrate the flowmeter for the N02 flow by absorptionrtitratio~proae-
dures, and second, the corrosive action of N02 on the rubber gaskets of 
the rotametere was so rapid that only a few minutes' operation was auf-
ficient to form a thick gummy substance that would foul the line. Even 
tygon paint was not effective in stopping the corrosive effect of N02 • 
Finally, the method used for the quantitative runs was decided 
upon. It consisted of duplicating an actual run for each experimental 
point on. the calibration_ curve. From known flow rates of nitric. oxide 
and air, the concentration1of nitric oxide in the gas stream could be 
calculated. Upon complete oxidation, the concentration of N02 would 
be identical, providing there was an excess of oxygen. For the runs 
at 25o, 4oo, and 55°, this was true. For the runs at '0°, flow rates 
were used such that NO was always in excess, and 02 was the limiting 
reactant.. 
Because of dif'ficulty in duplicating results from day to day, a 
new calibration was made for each set of runs. The calibration curves 
are shown, in Figures 16 through 19 with the best straight line drawn 
through the pointe by the method of least squares. It can be noted 
that the system could detect N02 concentrations in the order of 0.0002 
mol per liter or about.- a 0.4% concentration. 
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THE LIGHT SOURCE 
A 500 watt, 110 volt projection lamp was used as the light source. 
To af'f'ord more stable operation and longer life f'or the bulb, it was 
operated at about 80 volta from a variable voltage transformer. The 
light was collimated by a lena system after bringing the light away 
from the source through a small opening. To increase the sensitivity 
of' the apparatus, a dark blue filter was used to stop the light in the 
wave lengths least absorbed by N02 , and to whi~h the phototube used 
was least sensitive. 
THE PHOTO~MULTIPL~ING TUBE 
An RQA type 9;1-A photo-multiplying tuoe was U2ed as the light 
detector in the apparatus. This tube multiplies many times the curran~ 
produc;:ed at: the light sensitive cathode by secondary emission at sue-
cessive dynodes in the tube. Since this secondary emission is practically 
instantaneous, frequency response of' the tube is flat up to high f're-
quencies. 
Two different power supplies were used to operate the photo-multiply-
ing tube. The first was of design similar to that used by Rola.ff(•27), 
with tern ;9 ,000 ohm resistors used as the voltage divider instead of 
the 100,000 ohm resistors inRola.ff' 1 s apparatus. It was found necessary 
to in~rease the size of the filters to minimize voltage fluctuations 
and to smooth out the power wave. As shown in Figure 20, a · ;~o henry 
choke im aeries and a . lO microfarad crondenser acra:ss the power supply 
were used as the filtering components. A 0.9 megohm resistor and a 
0.01 microfarad capacitor were connected across the output~ of the pho~ 
tube to short out the high frequency "noise 11 • 
\'lhen: thia power supply began to function improperly due to some 
cause never fully determined, it was decided to design a completely 
new power supply to the tube. With the original power supply, it was 
. 
impossible to f'il ter completely the "ripple11 from the tiJ cycle supply' 
with a poor signal resulting on·, the oscilloscope screen. At its poorest, 
a line approxima.tely0.2 inches wide would appear onthe screen instead 
of the desired point image. 
' i F" 21 was of more elaborate Tliie new power supply, as shown' n .. J.gure ' 
\27) Rolaff, ~ ~~ P• '9 
FIGURE 20 
FIRST PO",dili SUPPLY TO PHOTOTUBE 
b 
Key to D ie.r, r e.!:: 
a--l l C v ol t s A. C. 
b--110-1200 v olt tr~~Gformer 
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Key to Figure 21 
a--110 volts A. ~:. 
b,...-Fuse 
c--Switch 
d--110-150 volt trans~ormer 
e--5V4G recti~ier tube 
~--8 henry choke 
g--16,000 ohms 
h--4o micro~arad c-_ondensers 
i--OD) voltage regulator 
j --o .9 megohm 
k--9)1A photoelectron multiplier tube 
1--)9 ,000 ohme 
m~-110-1000 volt trans~ormer 
~--2X2A reati~ier tu~e 
o--)20 henry choke 
p--5 micro~arad condensers 
q--)00,000 ohms 
r--75,000 ohm potentiometer 
s--100,000 ohms 
t--2 megohms 
u--Output to oscilloscope 
design, and much better operat:i.oru was obtained using it.. The essential 
f'eattlre of' this supply was that the anode of the photo-multiplying 
tub.e was kept at~ zero potential when , the tube was illuminated, and only 
as the light: intensity was decreased (by ab.sorption, of the light by. 
the N02 formed iru the reaction) was · a signal impressed upon. the oscillo-
scrope plates. 
Th:i.a f'ea ture was obtained by. the use of two transformer-rectifier 
circuits instead of' only the one in. the other supply. One transformer 
supplied 700 wol ts through: a 2X2A_ reeti£iar tUbe negative to one side 
of' the oircuit~ while the other supplied approximately 1~ volta through 
a_, 5Y4G rectif'i:.-er tube positive to the anode side of the phototube cir-
aui:t• By the use of' a· 75,000 ohm potentiometer and some experimentally 
determined resistances in the negative aide of the line, it:::wa.s possible 
to balance the circuit so that when, the tube was illuminated, no sig-
na:l was produced. By ahanging these reaistana:es, it was possi,;ble to 
use dif'f'erent : in.tensitiea of' light~ from the source and still balance 
tlie air cui±.: .• 
With the original power supply, itt was n-oted that the intensity 
of light . on. the tube had a · marked effect uponl the sensitivity of the 
apparatus. As the in:tensi ty was increased, a much higher concentration 
of' N02 was required to be detec.ted by the apparatus. Howev.er, with 
the new power supply, the light intensity had very little effect. upon 
the sensitivity of' the apparatUJS as long as itt was iru balance. At- very 
low -· int.ensi ties, the quality of' the. signal produ.ced on, the screen. was 
lower tlia.n ,. when• a higher intensity was used. With, the new supply, vrery 
little "ripple 11 was evident om the oscilloscope screeru, and it could be 
shown1 tha. t most of' this was due to the light sourc:e which was opera ted 
f'r ODin t.he 110 A. a.. l ins • 
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THE OSCILLOSCOPE AND CAMERA 
A Type '04-H DuMont oscilloscope and a DuMont~Fairchild continuous 
motion: recording camera, the same oscilloscope and camera used in. the 
pressure apparatus, were used in , the optical system. 
Since the f'ilm._moved past the camera lena in: a vertical plane, it 
was necessary to use the horizontal axis on the oscilloscope f'or the 
signal f'rom the phototube. This could have been accomplished by merely 
f'eeding the signal to the X-axis on~ the oscilloscope, but to increase 
the sensitivity, it was decided to take advantage of' the greater ampli-
f'icatiomof' the Y~plates. By a f'ew simple adjustments in the rear o£ 
the instrument, the Y~plates could be used to give horizontal displace-
ment, and these adjustments were made. 
While anc approximate film speed could be set on_ the camera elec-
tronic control unit, the exact f'ilm speed had to be determined by other 
means. Built directly into the camera was a timing light, which con--
sisted of' a 0.2 watt, 110 volt neon , bulb located just above the lens of' 
tne camera. As tlie film moved past the lens, this bulb impressed an 
image on . the side of' the f'ilm when a 110 volt supply was f'ed to the 
timing light posts on: the control unit. For rapid f'ilm rates the 110 
volt, 60 cycle supply could be f'ed directly with the alternating cycle, 
causing the 1 ight to f'lash• at each peak voltage. However, f'or f'ilm 
speeds used in this study, the timing markers would be so crlose together 
that they could not be distinguished. For this reasomit was necessary 
to provide some external means of' interrupting the circuit at a slower 
rate. To one side 0 &> the 110 volt sourc-e was inter-accomplish this, "-
rupted by a pendulum which swung through a pool of' mercury to complete 
the circuit 50 times every ,4.8 seconds as measured by a stopwatch .. 
Thl.s provided a convenient rate for the timing light sourc:e. 
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EXPERD1ENTAL PROCEDURE 
To allow the oscilloscope, power supply, and phototube to reach 
stable operatiOn, the entire apparatus was allowed to warm up at least 
one hour be~ore the ~irst rum. Of course, ~or the higher temperatures 
more time was required to allow the water thermostat . to reach the de-
sired temperature. It was also necessary to heat the air lines to the 
operating temperature ~or a considerable length o~ time so that the 
lines would warm up to the temperature used. Mter circulating the 
water through. the thermostat until the steady desired temperature had 
been reached, the calibration. runs were started. 
Since it had been noted that it was impossible to obtain. the same 
calibration: o~ the optical cell ~rom day . to day, a series o~ 15 cali-
bration. points were determined be~ore the actual runs on any one day. 
These calibration runs were made in. exactly the same procedure as 
described below ~or the experimental runs, except that readings on. the 
oscilloscope were made visually. Mter the apparatus was warmed up 
and ready ~or operation, the ~allowing procedure was followed for each 
run. 
1. The voltage across the various electrical components of the 
apparatus was adjusted to the exact predetermined value. To achieve 
this with one adjustment, the entire apparatus was operated from one 
variable voltage trans~ormer. The light source was operated at 80 volts, 
and the voltmeter across the light was an indication. of the voltage in 
the circuit'. A second trans~ormer was used to cut down the voltage to 
the light source, but the voltage was then maintained at 80 volts by 
adjusting the main trans~ormer, thus keeping a constant voltage on the 
other components. 
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2. The initial point on>the screen (where I= I 0 ) was photographed 
as a still picture • 
.?· The air and nitric oxide flovt rates were adjusted, read, and 
recorded. 
4. The pendulum interrupting the timing light was started swing-
ing. 
5· A telegraph key switch completing the timing light circuit 
was closed, and. immadie. tely the svd t ·ch which opened the camera lens and 
started the film movement was thrown. 
6. As soon as the film movement was started, the stopcock on. the 
reaction_chamber was turned 90 degrees, thus isolating a sample of the 
reacting gases within the cell and shunting the gas stream out the 
exit line. For a calibration run, the oxidation1reaction was allowed 
to go to completion, but for the regular runs, only the first one-half 
to two-thirds of each run . was photographed. The end point was read 
and recorded for the calibration rune. 
7. All light to the phototube was cut off, and the screen again 
was photogr aphed. This vra s necesse.ry since all readings were on. the 
basis of the ratio of reading at any point to the full scale reading. 
8.. The sto'Ocock on the reaction cell was returned to the initial 
. 
point, and the air line was opened to sweep out the cell in preparation 
for a new run. 
For the 11 runs at _?0° C .• , the above procedure was modified 
slightly. Three ga s streams were used, with a stream of nitrogen and 
one of oxygen replacing the air s tream . With this modification it 
was possible to have an excess of nitric oxide by using low oxygen, 
flow rates. 
QUANTITATIVE DATA OBTAINED 
Using the exper~ental procedure described in the previous sectiot4 
a total of' 20 runs vrere made at each of' three dif'f'erent tempera turee, 
25°, 4o0 , 55° C. An additional set of' 11 rune was made at )0° C., maki ng 
71 runs in, all. 
For each temperature, a set of' calibration. runs was made in. addition 
to the quantitative runs. In all the series of' runs, the calibration 
runs and experimental runs at the one temperature were made in a space 
of' f'rom two to three hours. In f'act, af'ter the calibration runs had 
been completed, the actual rune could be completed in f'rom one to two 
minutes each. 
For the runs at . 25° C., 27 calibration. points were determined. 
The method of' calculation . is similar to the calculation of' initial nitric 
oxide concentration, as shown in the sample calculation on page 67. 
Fif'teen calibration points were determined f'or each set of rune at 40° 
and 55° 0., while only 4 points were determined f'or the set of runs at 
)0° a., because the supply of' nitric oxide was exhausted. The data f'or 
the calibration points are g iven in Tables III, V, VII, and IX. 
The procedure f'or calculating rate constants f'or each run is 
shown. in detail on: pages 65 through 68, using run No. 1) of' the series 
at 25° C. a s a sample. Figure 22 shows the actual picture as it was 
photographed. For calculation purpos e s , the f'ilm was projected onto an 
8t x 11 inch sheet of' graph paper and traced, as shown in Figure 2). 
From this, values of' l_ were determined at a series of' time intervals 
and r ecorded on the da ta s h eet. From the calibration curve , values of' 
NO nd th d ta heet could then be 2 concentration were determined, a e a s 
completed. The appropriate data was plotted, f'rom which the rate constant 
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could be determined f'rom the slope of' the resulting straight line. This 
plot f'or run No. 1' is shown. i~ Figure 24. 
Data f'or the experimental rune at 25°, 4o 0 , 55°, and ,0° Cil. are 
given in 'l'a.bles IV, V:I, VIII, and X, respectively, arui the rate constants 
are summarized in Table XI. The accepted values f'or the rate constant 
over the temperature range of' this investigation are shown i~Table XII. 
For each series of' runs, a f'ew would be unusable because of some 
experimental difficulty, such as having the film speed set either too 
fast or too slow for the particular reaction. Line voltage fluctuations 
caused an , immense amount of' trouble, so that in the end it was found 
necessary to make the runs at night when more stable voltage was obtain-
alile. 
It was necessary to have an assistant helping with the runs 
because of the vast rrumber of' switches and valves that had to be manip-
ul:a.ted im the period of' a f'ew seconds during the runs. The assistant. 
operated the camera, while the flow rates were adjusted and the reactioa 
chamber was handled by the author. 
FIGURE 22 





SAMPLE CALCULATION OF RUN NO. 13 AT 25° 0. 
NO= 141.5 cc/min Air : 2670 cc/min 
Mol ~raction- . 141 ·5 - 0 0504 
- 2670 + 141.5- • 
Mol ~raction 02 = (1- 0.0504)0.21 = 0.1994 
Molal volume • 22. 11t+~H~9g~ = 25.2 liters/mol 
a = initial concentration NO - 0.0504/25.2 = 1.999 x (10)-? 
b ; initial concentration 02 = 0.1994/25.2 = 7.912 x (10)-? 
2b -a = 2(0.007912) - 0.001999 = 0.01383 
Timing unit between points : 0.00394 minute 
kt = 1 2 f2x~ 2b - a~ + lnb(a· - 2x)l (2b-a) Laa-2x a(b-x):J 
All concentration units in table x (10)-3 
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lnbta - 2x2 
a b - x} 
2x~2b - a~ 
a(a - 2x 
A.+ B 
t--min(100) 
289 274 246 219 197 L77 161 146 135 125 
(-) 
o.o80 0.190 0.300 o.410 0.510 o.6oo 0.700 0.775 o.850 
o.o4o 0.095 0.150 0.205 0.255 0.300 0.350 0.388 o.425 
1.919 1.809 1.699 1.589 1.489 1-399 1.299 1.224 1.149 
7-872 7.817 7-762 7-707 7-657 7.612 7-562 7-524 7.487 
0.967 0.910 0.867 0.817 0.770 0.7;10 0.680 0.644 0.608 
o.o;4 o.o94 o.l43 0.202 0.261 0.314 0.385 o.4;9 o.496 
0.288 0.725 1.219 1.780 2.;6 2.96 ;.72 4.;7 5-11 
0.254 0.6;1 1.076 l-578 2.10 2.65 ;.;4 ;.9; 4.62 
o o.;94 o.788 1.182 1.576 1.97 2.;6 2.76 ;.15 3·55 
From plot on, page 68, M. = 14;, 
whence, k : 143/(o.on;8;)2 = 7.48 x (10)5 
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DATA FOR CALIBRATION, RUNS AT 25° 0. 
--- -- --- ----
Run Bo. c cr air C Q:; NO mo_~s N02( 10);. .!. 
mim1te mim1te b.ter I 
1 ~050 )1 .. 0 o.4o2 0.762 
2 )050 571·5 0.704 0.5:12 
) )050 49.0 0.6)) 0.5)8 
4 ?050 )6.5 0.47,2 0.61) 
5 )050 )5.0 0.45) 0.650 
6 )050 44.0 0.570 0.600 
7 ~050 21.0 0.274 0.888 
8 )050 1).0 0.170 0-950 
9 ?050 16.0 0.208 o.~p8 
10 _?U5Q 18.0 0.2)5 0.8)8 
ll )050 80.5 ll-028 0.)25 
12 ~050 65.0 0.8)5 0.412 
1) )050 58·5 0-752 0.500 
14 1610 5Q.O L195 0.262 
15 1770 )4.5 0.758 0.)75 
16 2070 19·5 0.)71 0.7)8 
17 2950 61.5 0.826 0.412 
18 4100 5b·5 o.5'f8 Ue5)8 
19 5680 47 ·5 0.)29 0.725 
20 2800 2~·5 0.))1 0.700 
21 5870 19 .0 0.128 
0.9)8 
22 4800 ~o.o 0.24) 0.8)8 





o_c air cc NO mo~;s N02( 10 )~ I 
minute minute ll.ter Yo 
24 4220 49.0 0.456 u.6;i8 
25 ~120 58-5 0.449 0.688 
26 .5170 61.5 0.755 U.488 
27. )2UU oo.u 0.970 0.45() 
TABLE IV 
DATA FOR REACTION RUNS A~ 25° 0. 
Nomenclature 
a : l.ni:t.i.al NO conc:entra tion: in mo1s/li ter x DO); 
b = ini tia1 02 c:oncen1tration. in: mo1s/li ter x U,.O); 
2x :; N02 a-oncentration at aey time 
t = time in_ minutes x 100 
z = l2b - aH2x) + 1 bta - 2x) (aHa - 2x) Il'a( b - x) 
k = reaction, rate constant im liters2/~mols2)(mil!l!) 
R'Ulll No. 1 
NO : 150.5 c.c/mim Air : ;170 cc/min a : 1.797 
k : 8.42 X (10)5 
t t -- o.;o 0.87 1.74 2.61 ;.48 4.;5 5.22 6.09 6.96 
2x -- o.o; 0.175 o.;9o 0.585 0.7;5 0.845 0.9;0 1.020 1.105 
z -- 0.1;1 0-757 1.961 ;.4; 4.96 6.;9 7-77 9-57 11.68 





NO : 140 cc/min Air : 4;50 co/min a = 1.2;4 b = 8.071 
k :; 6.74 X (10)5 
t -- 0 0.86 1.71 2.57 ;.4; 4.29 5-14 6.00 
2x -- o.o;o o.1e.o 0.259 o.;40 0.400 0.462 0.518 0.562 
z -- o.;1 1.94 2.99 4.;o 5·44 6.80 8.2; 9.18 
Run~ N.o. ; 
NO = 152 c:c/min Air = 2650 cc/min a = 2.155 
k : 8.10 X l10)5 
t -- 0 0.48 0.95 1.4; 1.91 2.;9 
2x -- o.o; 0.585 0.740 o.845 o.9;o 1.oo 
z -- 0.89; 2.10 2.96 ;.66 4.;1 4.94 




5 ·80 6.8; 
6.86 7-71 
0 .{:JJ8 0.642 
ll.ll 12.41 




NO = 96.2 cc/min 
t - 0.42 
2x - 0.04 




NO :: 128 cc/min 
Run: No. 5 
(Pata. Inconsistent) 
Run~ No. 6 
Air = 5970 cc/min . ~ = 0 .956 

















Air = 2250 cc/min a = 2 .15 
k : 7,.05 X (10)5 
t - 0 0.48 0.96 1.45 1.91 2o59 2-97 
1.10 2x - 0.61 0.725 0.815 0.885 0.985 1.04 
z - 2.21 2.86 5·45 5-97 4.82 5·54 
Rum No. 8 
5-98 
NO = 162.5 cc/min Air = 4550 cc/min 5a = 1.428 k : 10.5 X (.10) 
b = 8.126 
b = 7·872 
b = 8.055 
t - o o.40 o.ao 1.19 1.59 1.99 2.)9 2.79 5.08 
2x - o.o5 0.155 o.245 0.550 o.410 o.475 0.550 o.60o o.660 
z- 0.20 1.14 1-95 2.85 5-81 4.74 5-62 6-95 8.24 
Run. No. 9 
NO = 165 cc/min Air : 5960 cc/min a = 1.071 
k = 10.5 X (.10)5 
b = 8.107 




2x - 0.050 0.070 0.155 0.185 0.255 0.285 0.550 
z - 0.585 0.928 1.92 2.78 5·75 4.84 5·95 7-21 8.66 
10.12 
Run. No. 10 
NO = 155 cc/min Air = 1950 cc/min a = 2.89 b = 7-75 
k : 8.12 X (.10)5 
t - 0.15 0.47 0.94 1.40 1.87 
2x - 0.290 0.525 0.795 1.02 !.21 
z - 0.596 0.706 1-579 2.00 2.56 
Run No. ll 
NO = 95·~ cc/min:. Air = 2900 cc/min a = 1.262 b = 8.067 
k = 4.07 x, ll0)5 
t - 0.46 0.9~ 1.~9 1.86 2.;12 2.78 ;;.25 ).71 4.18 4.64 
2x - 0.09 0.12 0.16 0.20 0.2;; 0.26 0.29 o.;;1 o.;;4 0. )7 
z - 0.838 1.15 1.58 2.07 2.44 2.85 ~-29 ;;.oo 4.08 4.59 
RWl No. 12 
NO = 165·5 cc/min Air = 5550 cc/min a = 1.766 b = 7-96 
k = 11.1 X (10)5 
t - 0.20 0.~9 0.59 0.79 0.99 1.18 1.;18 1.68 L77 1.97 
2x - 0.16 0.24 0.30 0.)9 0.45 0.51 0.57 0.6;; 0.69 0.74 
z - 0.71;1 1.13 1.48 2.05 2.47 2.94 ).46 4.0) 4.68 5 -27 
Run No. 1~ 
NO = 141.5 cc/min Air = 2670 5a = 1.999 b = 7-912 k = 7.48 X \10) 
t - 0 0.)9 o. 79 1.18 1.58 1-97 2.36 2.76 ;i-25 
2x - o.ooo 0.190 0.300 0.410 0.510 0.600 0.700 0.775 O.B5Q 
z - 0.254 0.631 1.076 1-578 2.10 2.65 3·34 3·93 4.62 
RWl No. 14 
NO = 109 cc/min Air : 4220 cc/min a = 1.000 b = 8.122 
k : 8.60 X (10)5 
t - 0 0.49 0.98 1.47 1.96 2.45 2.94 ).43 ;;.92 
2x - 0.100 0.125 0.150 0.190 0.2~0 0.270 0.;110 0.)40 0.)70 
z - 1.59 2.05 2.54 3-37 4.;50 5-;i) 6.5Q 7.46 8.31 
RWlNoo 15 
No = 165.5 cc/min Air : 2550 cc/min 5 a = 2.41 b = 7-825 
k : 15.0 X \10) 
t - 0 0.24 0.48 0.71 0.95 1.19 1.4) 1.67 
2x- 0.215 0.420 0.500 0.715 0.8)0 0.950 1.060 1-150 
z - 0.)83 1.0;55 1.644 2.28 2.92 ;;.74 4.67 5-57 
RWl No. 16 
(PhotographNo Good) 
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Rtm No. 17 
HO = 58.~ cc/min Air = )920 cc/mim a = 0.579 b = 8.210 
k : ).06 X (10)5 
t - 0 0.5) 1.07 1.60 2.1~ 2.66 ).20 ).7) 4.26 4.80 
2x - o.o;so 0.0)5 0.045 0.05Q 0.060 0.070 0.075 o.ooo 0.090 0.095 
z - 1.44 1.694 2.22 2.49 ).04 ).6) ).9) 4.24 4.86 5-29 
Rtm No. 18 
NO • 96.2 cc/min Air = )600 cc/min a = 1.007 b. = 8.122 
k : 8.96 X (10)5 
t - 0 0.542 1.08 1.6) 2.17 2.71 )-25 )-79 4.)4 
2x - 0.210 0. 2.I.JO 0.270 0.)00 0.))5 0.)(0 0 .405 0.4)0 0 .455 
z - ~·77 4.48 5-25 6.17 I .27 8.46 9-71 10.74 11.90 
Run Bo. 19 
(Photograph Nb Good) 
Run No. 20 
NO = 15) cc/min. Air = 2970 cc/min a = 1.944 b = 7-924 
k : 8.65 X (10)5 
t 
- 0 0.52 0.64 0.97 1.29 1.61 1.9) 2.25 2-57 2.90 
2x 
- 0.0)0 0.175 0.295 0.410 0.510 0.590 0.655 0.725 o. 780 o.84o 
z - 0.099 0.62lf 1.1)4 1.6o) 2.27 2.79 ).26 ).8) 4.)) 4.82 
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TABLE V 
DATA FOR GALIBRATIOR RUNS AT 40° C. 
Run No. ce: air cc NO mols N02( 10 )) I 
minute minute liter Io 
1 )690 00.5 0.0096 0.4)75 
2 )800 41.5 0.4016 0.7125 
) 4190 2;$.5 0.2115 0.8125 
4 )450 96.) 1.0288 0.275 
5 )970 )6.0 0.)405 0.000 
6 )960 82.0 o. 7698 0.4)75 
7 4100 4).7 0.4000 O.T575 
8 4170 48.0 0.4)11 0.6875 
9 4250 94·5 0.8255 0.4125 
10 4070 00.5 O.T)56 0.450 
11 4240 60.0 0.5290 0.6125 
12 4240 25.0 0.2222 0.8875 
1) 4200 00.5 0.7000 0.4875 
14 4;$00 95·5 o.824o 0.4125 
15 4142 108.0 0.96)5 0.2875 
76 
TABLE V.I 
DATA FOR REACTION RUNS AT_ 40° 0. 
Run No. 1 
NO = 127 cc/min Air = 3790 cc/min a = 1.229 
k: 6.58 X (10)5 b = 7·705 
t - 0 0_.48 0.96 1.43 1.91 2.39 2.87 :5·35 ;;.82 4.30 4.78 
2x - 0.170 0.205 0.250 0.295 o.;;;;o 0.;570 0.405 o.4;>o o.46o o.485 0 .516 
z - 1.48 2.1;> 2.7;> ?·?8 ?·94 4.64 5·:50 5·50 6.46 7·05 7-~3 
NO = 165 cc/min 
t - 0 0.47 
2x - 0.150 0.)54 
z - 0.008 1.86 
NO = 108 cc/min 
Run No. 2 
Air = 3620 cc/min a = 1.655 
k : 11.91 X (10)5 
0.94 1.41 1.88 2.;>6 2.83 :5·30 
0.446 0.556 0.651 0.734 0.804 0.886 
2.74 ;>.78 4.85 6.00 7.14 8.7;5 
Run No. 3 
Air = 27f:IJ cc/min 5 a = 1.059 
k : 9 • 23 X ( lO) 
b = 7.616 
:5 -77 4.24 
0.932 0-995 
9.00 11.5;5 
b = 7-741 
t- 0 0.47 0.94 1.41 1.88 2.;>5 2.82 ;>.29 ;;.76 4.2;> 
2x - 0.208 0.255 0.295 0.;529 0.360 0.395 0.420 0.446 0.475 0.500 
z - ).1) 4.06 4.91 5-79 6.63 7.66 8-59 9·35 10-51 11.46 
Run No. 4 
NO = 1;>8 cc/min Air = 2980 cc/min 5 a = 1.681 b = 7.611 k : 5 • 50 X ( 10) . 
t - 0 0.45 0.89 1.34 1.78 2.23 2.68 3.12 3·57 4.01 
2x - 0.163 0.220 0.200 0.348 0.408 0.462 0.512 0.570 0.616 0.662 
z - 0.775 1.089 1.448 1.90 2.,, 2.77 ;>.20 3-77 4.25 
4.78 
Run· No. 5 
NO = 95·5 cc/min Air = 3890 cc/min 5 a = 0.908 b = 7·773 k : 3 • 50 X (10) 
t - 0 0.60 1.19 1.79 2.)8 2 .98 3.48 4.17 
4.76 5·36 
2x - 0.150 0.165 0.189 0.204 0.217 0.230 0.246 
0.261 0.276 





Run: No. 6 
NO = 95·5 ccr/min Air = ?481 cc/min a = 1.012 
k : 2 • 70 X ( 10 )5 b = 7-751 
t - 0 0 • 60 1.19 l. 79 2 • ?9 2 . 99 :? • 58 4 .18 4. 7 8 5 . ~4 
2x - 0.247 0.262 0.276 0.292 o.;o; 0.)15 o.;27 o.;;5 o.;48 o.,58 
z - 4.;7 4.72 5-07 5-49 5·79 6.1) 6.48 6.72 7-11 7-4? 
NO = 127 cc/min 
t - 0.26 0.51 
2x - 0.225 0.265 
z - 1.96 2.40 
NO = 140 cc/min 
t - 0-25 0.51 
2x - 0.)15 0-?56 
z - 2.)9 2.81 
NO = 15? cc/min 
t - 0.52 1.0? 
2x - 0.156 0.206 
z- 1.;2 Lo; 
NO = 151.5 cc/min 
Run1 No. 7 
Air = ?480 cc/min a = 1.;;5 
k : 4o?5 X (10)5 
0.77 1.02 1.28 1.5? 1-79 2.04 
0.291 o.;1o 0.,?29 o.;46 0 .;6; 0-?75 
2.70 2-9? ;.16 ?·.?9 ., .6;) ?-79 
Runt No. 8 
Air = ?500 cc/min 
k = 8.85 X (10)5 
a = 1.458 
0.76 1.02 1-27 1.52 1.78 2.o; 
0-?85 0.41? 0.454 0.48;5 0.521 0.56? 
;.12 ;.45 ?-95 4.)5 4.87 5 ·5:? 
RwrHo. 9 
Air = 4270 cc/min 
k : 6.9 X (10)5 
a = 1.?1? 
1.55 2.06 2.58 ;.09 ;.61 4.12 
0.272 o.;;o o.;a2 0.4;0 0.466 0.51? 
2 .58 ;.42 4.06 ,.-/4 5.47 6.40 
Run_ No. 10 
(No Photograph Obtained) 
Run No. 11 
Air = ?510 cc/min 5 
k : 5 . 75 X ( 10) 
a _= 1.568 












b = 7-6)5 
t - 0 0-51 1.01 1.52 2.02 2 ·5? :? .04 '·54 4.05 4-55 
2x - 0.215 0.294 u.;60 o.41? o.469 0.522 0.567 o.607 0.642 0.681 
z- 1.255 1.92 2.) 8 2.84 ; .41 ?-99 4.44 5-06 5·57 6.18 
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Run No. 12 
NO = 108 co/min Air = 42,50 cc/min a = 0.940 
k = 4.05 X (10)5 b = 7. 766 
t - 0 
2x - 0.180 
z - 5-48 
o.68 1.:56 2.o; 2.71 ;>.;9 4.07 4.75 5.42 6.10 
0.220 o.240 0.265 0.200 0.297 0.515 0.550 o.546 0.552 
4.5Q 5-04 5· 72 6.25 6.82 7.45 7 ·97. 8.59 8.82 
Run No. 15 
NO = 107 cc/min Air = 4140 cc/min a = 0 ·955 
k : 5•29 X (10)5 b. = 7. 764 
t- 0 0.68 1.;>6 2.05 2.71 ;.;4 4.07 4.75 5-42 6.10 
2x - 0.245 0.264 0.277 0.291 0.508 0.522 0.550 0.)41 0.549 0-557 
z - 4.99 5·54 5-91 6.;5 6.f!f) 7·:57 7-65 8.06 8.25 8.68 
Run No. 14 
NO = 150.5 cc/min Air = 406o cc/min. a = 1.~55 b = 7-679 
k = 5.10 X (10)5 
t - 0 0.)2 0.6; 0-95 1.27 1.58 1.90 2.22 2.54 2.85 
2x - 0.208 0.2;6 0.265 0.291 o.;1t> 0.)44 0.)67 0.592 0.417 0.4;8 
z - l. 70 2.00 2.)1 2.60 2-91 :5-15 5·44 ;.88 4.15 4.48 
Run: No. 15 
NO = 162.5 cc/min Air = ;>6)6 cc/min a = 1.622 b = 7.625 
k: 7•55 X (10)5 
t - 0 o.;2 0.64 0.96 1.28 1.60 1.92 2.24 2.56 2.88 
2x 
- 0.195 0.26) o.;>;;> 0.298 0.448 0.5(); 0.56) 0.620 0.667 U.708 
z - 1.022 1.466 1.96 2.48 2.91 ).44 4.07 4.77 5·59 5-97 
Run_ No. 16 
NO = 152 c-c/min Air = 2954 cc/min 5 a = 1.856 b = 7-574 k = 6.85 X (10) 
t - 0 u.;2 0.64 0.97 1.29 1.61 1.95 2.25 2.58 2.90 
2x 
- 0.272 o.;41 0.40) 0.468 0.5)2 0.595 0.649 0.697 u.745 0.775 
z - 1.191 1.4)5 1.771 2.16 2.58 ).02 ;.48 ~ .89 4.)) 4.65 
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Run No. 17 
NO = 168 cc/min Air = 5 750 cc/min. a = 1 • 626 
k : 15.2 X ~10)5 b = 7-622 
t - 0 0.,?) 0.65 0.98 1.)0 1.6) 1·95 2.28 2.60 2-9.? 2x - 0.220 0.)15 0.406 0.495 0-579 0.668 0.744 0.004 0.858 0.906 
z - 1.18 1.52 2-5.? ).)) 4.2) 5·.?4 6.49 7-55 8.67 9.78 
Run No. 18 
NO = 168 ere/min: Air = 4220 cc/miru a = 1 • 450 b = 7·659 
k : 1).80 X (10)5 
t - 0 0.,?,? 0.65 0.98 1.)0 1.6.? 1.95 2.28 2.60 2-9.? 
2x - 0.272 0.:))6 0.402 0.459 0.529 0.59.? 0.657 0.70.? 0.7)8 0.779 
z - 2.02 2.64 
.?-.?7 4.18 5-07 6.1) 7 .)6 8.28 9.26 10.28 
Run_ No. 19 
NO= 127.5 cc/min Air = ,?600 cc/min~ a = 1.299 
k: 11.80 X ~10)5 b = 7-690 
t - 0 0.16 0.)2 0.48 0.64 0.81 0-97 1.1) 1.29 1.45 
2x- 0.217 0.251 0.284 0.)12 0.:)42 0 • .:)61 0.)88 0.410 0.4):? 0.456 
z - 2.00 2.)9 2.00 ).15 :? ·59 :? .87 4.28 4.64 5-04 5·45 
Run No. 20 
NO = 165 cc/min_ Air = .?590 cc/min a= 1.669 b = 7.61.? 
k : 10.)8 X ~10)5 
t - 0 0.22 0.44 0.65 0.87 1.09 1.)1 1 ·5.? 1.74 1.96 
2x - 0 .)20 0.)79 0.4)5 0.479 0.526 0.566 0.602 0.640 0.678 0.715 
z- 1.727 2.14 2-57 2.94 .?·.?7 :?·77 4.15 4-57 5·0:? 5·54 
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TABLE VII 
DATA FOR CALIBRATION. RUNS AT 55° C. 
Run No. cc air cc NO mo7s N02(l0)3 I . minute minute 1J. ter Lo 
1 3440 57-0 0.589 0.575 
2 4270 81.0 0.675 0.600 
' 
4270 98.0 0.812 0.4)7 
4 4220 127 ·5 1.061 0.225 
5 4120 45-5 0.)95 0.650 
6 4080 :?1.5 0.277 0.875 
7 5?80 4).8 0.292 0.850 
8 54:?0 97·0 0 .6:?5 0.525 
9 5;580 81.0 0.5;57 0.625 
10 5;580 69.0 0.458 0-737 
11 5;580 )6.8 0.245 0.850 
12 8:?90 80 ·5 0.)44 0.950 
13 43:?0 50·0 0.41:? 0.650 
14 6220 58.6 0.))8 0.7:?8 
15 0080 45.0 0.2~6 0.825 
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TABLE VII:L 
DATA FOR REAC.TION RUNS AT 55o C.. 
Run No. 1 
NO = 150.0 cc/mi~ Air = )060 cc/min_ a = 1.6901 
k : 4.75 X (10)5 b = 7-25, 
t- 0.25 0.50 0.99 1.49 1.98 2.48 2-97 :;.47 ;.96 
2x - 0.225 0.260 o.:;:;o 0.:;95 0.455 0.515 0.570 0.620 0.675 
z - 1.191 1.412 1.89 2.)8 2.88 :;.4; 4.00 4.45 5.26 
Run No. 2 
NO= 167.5 cc/min Air = ??50 cc/min a = 1. 72? 
k : 1).0 X (10)5 
b = 7-246 
t - 0 0.24 0.48 0.72 0.96 1.20 1.44 1.68 1.82 
2x - 0.250 0.?05 0-?95 0.480 0.550 0.610 0.670 0.720 0.770 
z- 1.290 1.6?7 2.28 2.96 ).60 4.22 4.91 5·56 6.26 
Run No. 
' 
NO : 152.0 cc/min Air = ??60 cc/min 5 a = 1.567 b = 7.28 k : 8.68 X (10) 
t - 0.25 0.50 0.75 1.004 1.26 1.51 1.76 2.01 2.26 2.51 
2x 
- 0 ·52 0.55 0.58 0.61 0.6) 0.66 0.69 0.71 O.T) 0.75 
z - '. 76 4.08 4.45 4.8, 5-09 5·5? 5·99 6.)1 6.65 7.00 
Run No. 4 
NO= 14o.o cc/min Air = 4710 co/min 5 a= 1.045 b = 7-?F:$ k : 5 • 70 X ( 10) 
t 
- 0.49 o.y8 1.48 1.97 2.46 2-95 ;.44 ;.94 4.4;; 
2x 
- 0.21 0. 2;5 0.26 0.28 o.;o 0.)2 0-?5 0.)7 0.)9 
z - ,.10 :; .48 4.09 4-5? 4-97 5.46 6.25 6.79 7-'9 
Run No. 5 
(Data Inconsistent) 
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Run No. 6 
NO = 16~.5 co/min Air = 2510 co/min a = 2.219 b = 7 .14~ 
k = 9.60 x (1o)5 
t - 0 0.16 0 • .)2 0.47 0.6~ 0.69 
2x - 0.815 0.865 0.900 0.9.)5 0.965 1.00 
z - 2.77 .).04 ~.26 ~.48 ~.68 ~.94 
Run No. 7 
NO= 167.5 cc/min Air = 2580 co/min 
k : 11.4 X (10)5 
a = 2.208 b = 7-145 
t - 0 0.17 0.34 0.51 0.68 0.85 1.02 1.19 1.~6 
2x - 0.295 0.~90 0.465 0.550 0.615 0.680 o. 740 0.790 0.860 
z - 0.722 1.006 1.256 1.565 1.8~ 2.11 2.40 2.65 ~-05 
Run No. 8 
NO = 166.3 co/min Air = 5~50 cc/min a= 1.091 
k = 17.1 X (10)5 
b = 7-~79 
t - 0 0.17 0 .,)4 0 ·52 0.69 0.86 1.02 1.20 1.38 
2x - 0 • .)70 0 • .)95 0.415 0.435 0.450 0.465 0.480 0.490 0.500 
z - 6.04 6.60 7-24 7-82 8.~0 8-79 9-~0 9.64 10.02 
Run_No. 9 
(Data Inconsistent) 
Run l~o. 10 
NO= 153.0 cc/min Air = 3160 co/min a= 1.672 
k = 9.00 X (10)5 
b = 7-258 
t - 0.21 0.42 0.6:; 0.84 1.06 1.27 1.48 1-69 1-90 2.11 
2x 
- 0-58 0.61 0.64 0.66 0.69 0.72 0.74 0-75 0-78 0.80 
z - .) .69 4.00 4.3.) 4.64 4.92 5 ·30 5·57 6.71 6.15 6.45 
Run No. 11 
NO = 1.)9. 3 c·c/min Air = 4170 co/min a = 1.170 b = 7-363 
k = 6.81 X (10)5 
t - 0 0.22 0.43 0.65 0.86 1.08 1.30 1-31 1.7~ 
2x - 0.290 0.310 0.325 0.340 0-353 0.365 0-375 0.390 
0.410 
z -~.56 -,.89 4.17 4.43 4.69 4.91 5·11 5.42 5·86 
Rtm No. 12 
NO= 167.5 cc/min Air = 22)0 cc/min a = 2.5~6 
k = 10.6 X (10)5 b = 7-077 
t - 0 0.10) 0.206 0.)04 0.41 0.52 0.62 0.72 0.82 
2x - 0.)50 0.405 0.470 0.5~0 0.600 0.6)0 0.680 0.720 0.775 
z- 0.611 0.627 0.872 1.010 1-196 1.271 1.)09 1.5)2 1.70 
Rtm No. 1) 
NO = 16).5 cc/min Air = 2)20 cc/min a = 2.~92 
k = 8.16 X (10)5 
t - 0 0.14 0.27 0.41 0.54 0.68 
2x - 0.870 0.905 0.935 0.965 0.995 1.025 
z - 2.47 2.7) 2.78 2-9~ ~.10 ~.26 
NO= 151.5 cc/min 
Rtm No. 14 
Air = )910 cc/min 5 a = 1.350 
k = 6 • 70 X ( 10) 
b = 7-109 
t - 0 
2x - 0.400 




6.69 8.92 11.15 1).)8 15-61 17.84 
0.460 0.470 0.490 0-505 0.515 0.5)0 
4.72 4.86 5-20 5-47 5-65 5-92 
Run.No. 15 
NO = 8) .0 c:c/min Air = 5440 cc /min a = 0 • 546 
k = 5.68 X ~10)5 
b = 7.494 
t - 0.49 0.98 1.46 1-95 2.44 2.9) ;.42 ).90 4.;9 
2x - 0.208 0.212 0.216 0.219 0.225 0.2)0 0.2)) 0.2)7 0.241 
z -15.81 16.)2 16.8? 17.22 18.0) 18.74 19.16 19-7 20.)5 
NO = 69.7 cc/min 
Run No. 16 
Air = 5440 cc/min 5 a = 0.458 
k = 11.8 X (10) 
b = 7-51) 
t - 0 0 .49 0.98 1.46 1 ·95 2.44 2 .9; '.42 '.90 
2x- 0.230 0.2)) 0.2)6 0.240 0.244 0.247 0.251 0.255 0.260 
z -)1.4 )2.2 )).1 )4.; 35·6 )6·5 ;7.8 ;9.2 41.0 
Run No. 17 
· (Photograph No Good) 
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RWJ. No. 18 
NO = 153·5 cc/min Air = 2540 cc/min 5 a = 2.067 
k = 8.44 X (.10) b = 7-175 
t- 0 0.16 0.31 0.47 0.62 0.78 0.9~ 1.09 1.24 
2x - 0.335 0.385 0.430 0.480 0.520 0.565 0.605 0.640 0.680 
z- 0-995 1-179 1-356 1.466 1-744 1-957 2.157 2-33~ 2-55 
NO= 127.0 cc/min 
Run No. 19 
Air = 3160 cc/min 5 a = 1.399 k = 6.23 x (lo) 
t - o 0.37 0.7; 1.10 1.47 1.8; 2.20 2.57 2.94 3.30 
2x - 0.375 0.410 0.440 0.470 0.495 0.520 0.545 0.565 0.590 0.620 
z- B-18 ;.60 3-98 4.41 4-77 5.16 5-58 5.92 6.39 6.98 
Run No. 20 
NO = 166.) cc/min Air = 1960 cc/min 5 a = 2.838 b = 7-013 k = 8.66 X (10) 
t - 0 0.084 0-17 0.25 0.34 0.42 0.5Q 0-59 0.67 0.76 
2x - 0.405 0.465 0.520 0-570 0.615 0.665 0.710 0-755 0.800 0.830 
z - 0-530 0.628 0-722 0.806 0.892 u -987 1.080 1-173 1.275 1.)27 
TABLE IX 
DATA FOR CALIBRATION RUNS AT :?0° C. 
Run No. cc 86.4~ 02 cc N2 cc NO mols N02( 1o):? I minute minute minute liter Io 
1 10.8 1940 :?6.0 ).68 0.888 
2 10. 8 1540 58·5 4.54 0.600 
:? 10.:? 1220 44.:? 5-48 0.51:? 
4 10.0 940 46.5 6.00 0.425 
NO = 00 c:c /mirr 
a = ~.6o2 
TABLE X 
DATA FOR REACTION RUNS AT ~oo 0. 
Run: No. 1 
02 = 10 ·5 cc/mim 
b = 0 .;89 
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N2 = yoo cc/min 5 
K = ~-78 X (10) 
t - 1.5 2.6 5·9 5-2 6.5 7-8 9-1 10.4 11.7 1~.0 
0.)2 0.)55 0.~5 0.565 0.575 
0-575 0.4 0.428 0.456 0.477 
2x - 0.24 0.265 0.28 0.29 0.)1 
z - 0.256 0.296 o.;1; 0.528 o.;6 
NO = 46.~ cc/min 
a = 2.485 
t - 2.65 5·5 
2x - 0.1; 0.15 
z - 0.0615 0.07 
NO = 91.5 cc/min 
a = 4.66 
Run No. 2 
02 = 10.5 cc/min 
b = 0.487 
N2 = 670 cc/min 
k : 9.05 X (10)4 
7-95 10.6 15-25 15-9 18.55 21.2 25.85 26.5 
0.17 0-19 0.20 0.215 0.22 0.25 0.24 0.25 
0.077 0.09 0.095 0.099 0.104 0.112 0.117 0.124 
Run No. ~ 
02 = 18.2 cc/min 
b = o .eoo 
N2 = 660 cc/min 
k: 1.65 X (10)5 
t - 0 0.62 1.24 1.86 2.47 ~-09 5-71 4.;5 4.94 5·57 
2x - 0.515 0.540 0.565 0.585 o.408 o.425 o.45Q o.470 o.490 0.510 
z - 0.1008 0.111) 0.1225 0.1299 0.141 0.147 0.158 0.167 0.177 0.186 
NO = 92.0 cc/min 
a = 4.40 
Run No. 4 
02 = 16.5 cc/min 
b = 0.684 
N2 = 710 cc/min 5 
k = 1.71 X (10) 
t- 0 0.6; 1.26 1.b8 2.51 5-14 5-77 4.40 5-05 6.28 
2x - 0.210 0.250 0.250 0.272 0.292 0.510 o.;;o o.;65 0.585 0.400 
z- o.o8;; 0.0950 0.1018 0.1152 o.1216 <.).1)28 o.1416 0.161 o.170 0.181 
NO = 95·5 cc/min 
a = 4.04 
Run No. 5 
02 = 25.5 cc/min 
b = 0.9;5 
N = 805 cc/min ~ = 1.75 x tlo)5 
t- 0 1.24 2.48 ~-72 4.96 6.20 7-44 8.68 9-92 11.16 12.40 
2x - 0.1)0 0.270 0.~25 u.)75 0.420 0.460 0.492 0.526 0.570 0.615 0.660 
z - 0.0215 0.0487 0.0640 0.0741 0.0798 0.0957 0.1056 0.1158 0.1285 0.1~56 0.1521 
NO = 106.8 co/min 
a = 5·17 
t - 0 0.6) 
2x - 0.520 0.570 
z - 0.152 0.172 
NO = 00.0 c_cjmin 
a = 4.48 
t - 0.6) 1.26 
2x - 0.)7 0.40 
z - 0.071 0 .Otl5 
NO = 60 .0 co/min_ 







Run No. 6 
02 = 22.2 c:c/min_ 
b = 0.929 
1.90 2.5) ).16 
0.650 0.690 o. 715 
0 .20-l 0.224 0.2)6 
Run No. 7 
02 = 20.2 cc/min 
b = 0.976 
2.52 )~15 ).78 
0.45 0.48 0.5Q 
0.094 0.102 0.108 
Run l~o. 8 
02 = 19.0 co/min 








N2 = 600 cc/min 
k = 2.60 X ~10)5 
4.4) 5.06 5·69 
o. 790 0.820 0.850 
0.276 0.291 0.)09 
N2 = 600 cc/min 
k = 1.79 X (10)5 
5.04 5-67 6.) 
0.55 0.58 0.60 
0.122 0.1;54 0.1)7 
N2 = 6tl5 cc/min 
k : 2.08 X (10)5 
t - 0.65 1.26 l.by 2-52 5-15 ).78 4.41 5-04 5-68 6.50 
2x - 0.21 0.22 0.2) 0.24 0.25 0.265 0.27 0.28 0.29 0.)0 
z - 0.029 0.0526 0.0)28 0.0576 0.0)6 0.0)85 0.0415 0.0480 0.046) 0.0444 
NO = 80 .0 cc/min 
a = 2.96 
Run No. 9 
o2 = 17.0 cc/min 
b = 0.544 
N2 = 960 ccjmin 5 
k = l.Y7 X (10) 
t- 0 1.55 ~.10 4.65 6.20 7·75 9.)0 lO.b5 12.40 1).95 15.50 
2x - 0.1)0 0.165 0.180 0.200 0.216 0. 2)8 0.254 0.270 0.280 0.286 0 .290 
z - 0.0526 o.066Y 0.0768 o.0870 0.0978 0.1094 0.1197 0.1271 0.1)28 0.1354 0.1383 
NO = 9,.0 cc/min 
a = 4.67 
Run; No. 10 
02 = 16.0 c_c-/min 
b; = 0.69) 
N2 :: 670 cc/min . 5 
k = 1.49 X tlO) 
t- 0 0.6) 1.27 1.90 2-53 ).16 ;.80 4.4) 5-07 5·70 
2x - 0.225 0.250 0.270 0.290 o.,lO 0.530 0.545 o.;65 o.~dO u.;95 
z - 0.0901 0.1046 0.1141 0.1242 0.1)52 0.1455 0.152 0.166 0.174 0.185 
Run No. ll 
NO • 64.5 a.o/min 02 = 14.5 cc/min N2 = 530 c-c/min 5 
a = 4.14 b = 0. 004 k = 1 . 50 x ( 10) 
t - 0 0.65 1.29 1.94 2.58 ).22 ,.87 4.51 5.16 5·00 
2x - 0.220 0.250 0.270 0.290 0.510 0.)28 0.)45 0.)60 0.)78 0.)92 
z - 0.0592 0.0678 0.07)) 0.0797 0.0870 0.0926 0.0990 0.1048 0.1101 0.1178 
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TAB~ XI 
SUMMARY OF CALCULATED RATE CONSTANTS 
k in mo1~2 
( 1i ters)(min) X (10 )-5 
Run No . T = 25° 0 T: = 40° 0 T = 55° C T = ~0° 0 
1 8.42 6.58 4-75 '5-78 
~ 6.74 11.91 1'5.0 0.90'5 
~ 8.10 9-2'5 8.68 1.65 
4 5-50 5-70 l. 71 
5 '·50 1.7'5 
6 10.24 2.70 9-CAJ 2 . 60 
7 7-0~ 4.)5 11.4 1.79 
8 10.5 8.85 17-1 2.08 
9 lu.-, 6.90 1.97 
10 8.12 9.00 1.49 
11 4.07 5·75 6.81 1-50 
12 11.1 4.05 10.6 
1) -r .48 ).29 8.16 
14 8.60 5 -10 6.70 
15 15.0 7-55 5.68 
16 6.85 11.8 
17 ) .06 15 -2 
18 8 .96 1;;.8 8.44 
19 ll.8 
6.2) 
20 8 . 65 10.4 8.66 
TABLE XII 
AOOKPTED VALUES OF THE RATE CONSTANTS 
- ---






DISCUSSION OF RESULTS 
The reaction_ between nitric oxide and oxygen proved an excellent 
one to adequately test the design of the optical apparatus. Several 
weaknesses were found in the apparatus, but the basic design was shown 
to be adequate. 
In cromparing the v.alues of the rate constant determined in the 
first three series of runs with the accepted value, it is seen_that, 
in general, the constants determined are considerably high, with only 
a few. runs giving a rate constant consietent with the correct v.alue, 
Al:so, the deviation·, of the values was so great that no possible source 
of error itr, the experimental work could be responsible. In seeking the 
cause for this large deviation, some of the trouble experienced by 
Smi th( 28) in, his stwiies of the reaction was noted. At low pressures 
of reactants he found the rate constarut to apparently greatly increase. 
By v.arious procedures, he proved that this deviation was caused by 
adsorption; of nitric: oxide, and possibly oxygen, on the walls of the 
react'ion_ vessel!. The increase in: the value of the rate constant. C"ould 
be explained by adsorption, in the following manner· 
During the course of a run in which an excess of NO was present, 
some was adsorbed on the walls of the vessel and not removed completely 
by evacuation'" Then : in the course of the next reaction, if oxygen was 
in excess, the adsorbed NO would be removed during the run and oxidized, 
causing an apparent increase in_ the N02 con~entration, which in turn, 
caused ant apparent increase in the rate constan-t. 
Smith pro.ved this adsorptiom phenomena completely when_ he noted 
(28) Smith, .£IL!. c-it., PP· 74-78 
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that, af'ter f'lushing a reaction vessel with nitric oxide and evacuating 
it, then, admitting oxygen, a c:ertaim amount of' N02 was generated very 
rapidly. This same phenomena was observed during the course .of' our 
investigation: one the last day any experimental work was done. No 
measure of' the amount ~ of' N02 f'ormed was noted, and unf'ortunately the 
supply of' NO was exhausted and no f'urther experiments could be carried 
on along this line. 
Bef'ore all the deviation ~ of' the c:onstant f'ound in this work could 
be assumed to be caused by adsorbed NS, it was necessary to compare the 
relative pressures used in this work and those used by Smith. The 
relative shape or, more specifically, the surf'ac·e to volume ratio of' 
the reactor is also an, important f'actor. It must be remembered that 
this surface ef'f'ect is not . a catalytic eff'ect, and adsorption plays no 
part'. in increasing the rate constant. Actually, the increase is only 
an apparent one. Smith used several reacting vessels. In one aeries 
of' runs a ~-liter spherical vessel was used, and the apparent increase 
was noted only at the run at the lowest pressure in .which the initial 
--9 
concentration of' NO was about· 0.146 x (10) mole/liter. In another 
series of' rune in a cylindrical vessel 2.5 centimeters in diameter, 
the f'irst apparent increase \'las noted at pressures in the order of 
-~ 
magnitude of' 0.60 x (10) , and lower. 
For the f'irst three sets of runs in this work, the nii.tric oxide 
-? 
concentrations varied from 0.458 to ~-1? x (10) mo~s/liter with the 
-? 
concentration f'or nearly all of the runs under 2.2 x (10) • No 
consistency in . the rate constant was noted for any of the runs. Smith 
also noted that, although the rate constant in-creased at the low pres-
e and the constant·. 
surea, there was no correlation between pressur 
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Although . the pressures used here were somewhat higher than, the values 
noted by Smith to cause deviation in , the conBtant, the adsorption 
phenomena im this investigation. could be quite important.·. The reaction 
chamber U$ed was only about 0.5 am in diameter; so surrace effects 
would be important at. much higher pressures tham im Smith 1 s apparatus 
o~ a diameter 5 times as great. 
Another ractor to consider im c.onnecti:On: with. adsorption effects 
is the type or material with which the reacting vessel is constructed. 
Smith 1 s apparatus, as well as that used in .this investigation, was 
conEtructed completely or pyrex. In studying the reaction: over a much 
greater pressure range, Johnston and Slemtz('-29) used a quartz reaction. 
cell. In general, they used pressures c.onsiderably higher than those 
used here or by Smith. They may have encountered adsorption errects, 
but reported none. In the quartz cell used ih a rew or our preliminary 
runs, the average rate cunstant .for the first 6 runs was 4.74 x (10)5 
with an average deviation. of only about 15.%· This value is less than· 
10% higher tham the accepted value, and when compared with the ~irst 
three series of runs in the pyrex cell, the deviation is much lees. 
This fact would tend to indicate that adsorption. effects are not as 
important in. a quartz cell as in. one constructed or pyrex, but it must 
be pointed out that this has not definitely been confirmed. 
In the flow sy s tem used f or mixing the gases , it was i mposs ible 
to use the procedure followed by Smith to remove any adsorbed gas es, 
since while the flow rates are being adjusted, NO may again be adsorbed. 
Smith did not ~e a f low sy stem. 
( 29) Johnston and Slentz, £E.!.~' p.2948 
To prove that the adsorption phenomena was causing the deviation 
in the rate constants, a method was then sought to eliminate, or at 
least, to greatly minimize the e~~ect o~ adsorptio~ This could be 
done either by using much higher concentrations o~ nitric oxide so that 
the amount adsorbed would be a small ~raction_ o~ the total present, or 
by using concentrations such that nitric oxide was always in_excess and 
there was little tendency ~or gas to be removed during the course o~ 
the run. Using air to supply oxygen, the oxygen c_oncentration could 
not conveniently be varied to such an extent that the NO was in excess 
and the reaction. still proceed at a rate to be measured with the apparatus. 
Thera~ore, it~ was decided to make one more set o~ runs using three gas 
streams, one o~ oxygen, one o~ nitroge~, and one o~ nitric oxide with 
the oxygen ooncentration-, always such that it was the limiting reactant. 
In _this way, the concentrations could be made low enough ~or the reaction 
to proceed at a rate convenient ~or measurement. 
The results o~ this series o~ 11 run~ are summarized in Table XI. 
It can, be seen that the results are much more consistent than in the 
previous series o~ runs. Throwing out rune No. 1, 2, and 6, which are 
h 1 ~the other 8 runs is 1.74 x '10)5 obviously in, error, t e average va ue o~ ' 
with an average deviation o~ only 8.9%. However, the accepted value at 
this temperature is 4.25 x tlO)~ or over twice as high as the values 
determined. The reason for this apparent discrepancy has not been 
th h 4t 4s ~elt that this last series definitely determined to date, oug • • ~ 
o~ runs does prove the apparatus will give consistent results. Appar-
ently, the calibration curve which was limited to 4 points ~or this 
series of rune is in error. 
A study of the calibration curves in Figures 16-18 and the com-
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parison: o~ the ~our calibration curves in Figure 19 will show that, 
in g eneral, the data ~or these curves is very poor. Since the calibratio:a 
poihts were determined ih: exactly the same type o~ run as the actual 
experimental rune, the adsorption phenomena could cause a great deal 
o~ deviation irr the calibration curve, also. In ~ac~, it is ~elt that 
~or all the calibration- curves the actual concentrations are higher 
than the apparent concentrations as determined ~rom the ~low rates o~ 
the respective gas streams. 
From the comparison_ o~ the respective calibration curves, it can 
be seen that the slope o~ the curve ~or the ~inal set o~ runs is steeper 
than . ~or any o~ the others. Assuming the ~irst three calibrat~ons were 
in . error because o~ the adsorption e~~ects and also that the adsorption 
e~~ects had been eliminated in: the last set o~ calibration runs, the 
slope o~ the curve should be less than the other three, instead o~ 
higher as it- presumably was. It must also be remembered that the cali-
bratd.on' curve had to be determined ~rom_ only ~our calibration• points, 
since during the course o~ making the calibration runs, the supply o~ 
NO ran out. A plot o~ these ~our poin~s on semi-logarithmic paper 
showed three to ~all on a very straight line with the ~ourth to deviate 
considerably. It was arbitrarily decided to draw the curve through the 
three points in line. 
To determine the e~fect of UBing a di~~erent calibration curve, 
rWl No. ) in this series was recalculated using the calibration. curve 
at 25° c. The points ~ell ona straight line as be~ore, and the con-
'10)5 ared to the previous value o~ stant determined was 2.9) x , as camp 
1.65 x (10)5. The importance 0~ an: accurate calibration curve is thus 
seen. 
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Several f'actors combined to cause considerable deviation in the 
calibration: points. Along with the ad sorption phenomena which tmdoubt-
edly caused a great dea+ of' error, line voltage f'luctuations were 
sui'f'icient to cause great inconsistency in the data. A c:onstant vel t-
age transf'ormer ordered f'or use with the equipmerut did not arrive ill! 
time f'or the experimental work. Even' though the runs were made at 
night when more nearly constant vel tage c:ould be maintained, still the 
slightest c:hange caused a great deal of' error. Using a variable volt<:-
age transf'ormer, it was possible to adjust the voltage to almost exactly 
the same value at the beginning of' each rtm. Probably this adjustment. 
was within: 0.5 volts. Hovtever, it could be seen, that a variation of' 
a couple of' volts could cause a deviation of 10 per cent or more; eo 
the adjustment to the nBarest 0.5 volt certainly did no~adequately 
solve this problem. A v.ol tage f'luctuati·on during the f'ilming of' a run. 
would show up as a dip in the curve. In all cases wherever possible, 
the run was calculated by smoothing out the curve, but · several runs 
had to be discarded because of' this ef'f'ect. The voltage f'luctuations 
could cause great deviation between the individual runs which would not 
be consistent in any one direction. 
One other f'actor that could cause consistent deviation in the same 
direction was inaccuracy in the measurement of' the f'low rates· For 
the calibration points determined f'or the final series of' runs' oxygen 
t and thus' any error in measuring this stream was the limiting f'ac or, 
could cause considerable error in the calibration. The f'low rate of' 
oxygen vtas only inJ the order of' ma.gni tude of' 10 ml per minute' which 
is too low a gas rate to be measured with a high degree of' accuracy. 
If' the rotameter was f'unctioning perf'eatly and was adequately calibrated, 
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the ~low rate could be measured to withi~ 1 or, at the mbst, 2 per cent. 
In all cases, ~low rate calibration: curves supplied by the manufacturer 
o~ the meters were used. These undoubtedly were accurate, though it 
is conceivable that presence o~ dirt or other contamination on the 
rotameter ~loat .. could cause e:t-ror. 
At the extremely low- oxygen1 c.oncenltratione used in. the ~inal 
11 runs, an:y adsorption; e~~ect-s c.ould be important. Although Smith 
did not note any e~~ect's caused by oxygen, adsorption:, he did not outlaw-
the possibility o~ suC!:h am e~~ect, and most-: o~ his rtms were made with-
oxygen. c:oncentrations such that adsorptionc e~~ects would not be critical. 
One ~inal ~actor not taken; into acco'Ul!l.t'_ was the purity o~ the 
reactants. The nitric oxide used was speci~ied to be at least 98% pure. 
Since the gas was assumed lOO%pure ~or the calculations, error may 
have been introduced. The oxygen used was secured by ~illing a smaller 
tank ~rom a large one, and was analyzed by absorption in alkaline 
pyrogallol. Only the air line was passed through a drying trap. 
One ~inal point to note in1cronnection, with the apparatus is the 
accuracy o~ temperature control. The reaction.cell itsel~ could be 
maintained easily within. one-hal~ degree, which i's s~ici~nt ~or a~ 
kinetic stUdy. However, the method o~ heating the gases before passing 
to the reaction chamber and measuring the temperature is subject to 
certain error. For the particular reaction.used, the temperature 




ArL apparatus has been designed to study the kinetics of gas-phase 
reactions by an optical procedure. It~ was tested with 4 series of 
reaction-, runs, using the oxidation of nitric- oxide by oxygen .. 
The apparatus may be considered adequate for the kinetic study 
of gas-phase reactions providing the following factors are taken.; into 
account: 
1. Adequate calibration of the cell is made, preferably by some 
method other than that .used for the actual runs. 
2. Adsorption . effects are either eliminated, or at least minimized 
to the p oint where they are unimportan:tA 
3. A cons tant voltag e transformer is used to regulate the volt;.,.. 
a g e on .all electrical components of' the apparatus. 
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